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cover, title page, back of the title page, Table of Contents, Introduction, 
and Chapter 5, Pages 191-328. 

b) ATTACHMENT I 
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jeopardize the validity of the application or any patent action thereon. 
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IT 



Glenn E. Westreich (State Bar No.: 100457) 
Patrick T. Michael (State Bar No.: 169745) 
Beth L. Appelbaum (State Bar No.: 187460) 
NIXON PEABODY LLP 
Two Embarcadero Center, Suite 2700 
San Francisco, CA 941 1 1 
Telephone: (415)984-8200 
Facsimile: (415) 984-8300 

Attorneys for LAM RESEARCH 
CORPORATION 



UNITED STATES DISTRICT COURT 
NORTHERN DISTRICT OF CALIFORNIA 
SAN FRANCISCO DIVISION 



LAM RESEARCH CORPORATION, 
Plaintiff, 



SCHUNK SEMICONDUCTOR and 
XYCARB CERAMICS, INC., 



Defendants. 



Case No. C 03-01335 CRB 

SUPPLEMENTAL DECLARATION OF 
PATRICK MICHAEL IN SUPPORT OF 
LAM RESEARCH CORPORATION'S 
APPLICATION FOR TEMPORARY 
RESTRAINING ORDER 



I, Patrick Michael, declare as follows: 

1 . I am an attorney at law, fully licensed to practice before all of the courts of the State of 
California, as well as the United States District Court, Northern District of California, and am an 
attorney with the law firm of Nixon Peabody LLP, attorneys of record for Plaintiff Lam Research 
Corporation ("Lairf), herein. I have actual knowledge of the facts set forth below, and if called upon 
to testify, could and would competently testify thereto. 

2. Attached hereto as Exhibit 1 is a true and correct copy of U.S. Patent No. 4,385,979, 
issued on May 31, 1983. 

3. Attached hereto as Exhibit 2 is a true and correct copy of U.S. Patent No. 5,014,604, 
issued on May 14, 1991. 



SliPP- MICHAEL DECLARATION IN SUPPORT OF TRO 
C 03-01335 CRB 



S40S100.I 



4. Attached hereto as Exhibit 3 is a true and correct copy of U.S. Patent No. 6,419,806 
issued on July 16, 2002. 

5. Attached hereto as Exhibit 4 is a true and correct copy of an article titled Investigation 
of The Press Fit Joints By the Tribology Aspect, D. Stamenkovi, S. Jovanovi, M. Milosevi, Faculty of 
Mechanical Engineering, University of Nis, Yugoslavia. 

6. Attached hereto as Exhibit 5 is a true and correct copy of a page 250 from the 
Webster's New International Dictionary, Unabridged (3 rd ed. 198 1) (relevant portions separately 
enlarged), which contains definitions of the terms "bond," "bonded" and "bonding." 

I declare under penalty of perjury under the laws of the State of California and the United 
States of America that the foregoing is true and correct 



Dated this 30th day of June, 2003. 

Patrick T. Michael 
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[57] ABSTRACT 

In high rate sputter coating sources, it is generally nec- 
essary to liquid cool the sputter targets. In one type of 
source, a cooled wall of a cathode assembly is closely 
adjacent a sidewall of the sputter target. During normal 
operation the sidewall of the target expands thermally 
into tight contact with the cooled wafi\ whereby cool- 
ing of the target 'is effected without the need for bond- 
ing the target to the copied wall using a solder or other 
adhesive. Thus, replacement of worn conventional tar- 
gets is a relatively simple procedure. When the targets 
are made of certain special materials, such as fragile 
materials or materials with low coefficients of thermal 
expansion, target warping, cracking or melting can 
occur. Such problems are overcome or alleviated by the 
novel design approach of the present invention, which 
employs a sputter target assembly m place of a conven- 
tional target. The novel sputter target assembly com* 
prises a sputter target of the special material, a retaining 
member, and a bonding means between the special sput- 
ter target and the retaining member. When the special 
target is worn out, the sputter target assembly a re- 
placed with the same simple procedure used for a con- 
ventional target. 

13 Claims, 11 Drawing Figures 
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ABSTRACT 



An internaily-chilled piston for an internal combustion 
engine is provided. This piston comprises a piston body 
made of an aluminum alloy and a piston head including 
a cylindrical member and a ring-shaped member engag- 
ing the oirter peripheral surface of the cyfcdiical mem- 
lyr, by a, shrink fit bonding. The cylindrical member 
constitutes tne central portion of the piston head, while 
the ring-shaped member constitutes the periphery 
thereof. On the surface of the ring-shaped member 
which contacts with the melt forming the piston body 
doring casting, an aluminized layer is formed which 
chemically connects the ring-shaped member and the 
piston body to increase the mechanical strength of 
bonding therebetween, 

16 Claims, 3 Drawing Sheets 
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attached to an edge of the first piston head member 
PISTON FOR INTERNAL COMBUSTION ENGINE spaced apart from each other by given intervals to ab- 
sorb stress due to differential thermal expansion be* 
BACKGROUND OF THE INvENTION tween the piston body and the first piston head member 

1. Technical Field of the Invention 5 during cooling after casting to prevent the piston body 
The present invention relates generally to a piston for from cracking. A plurality of chamfered surfaces may 

an internal combustion engine, and more particularly to be provided on the edge of the first piston head member 

a piston having improved mechanical strength. between the clastic-plastic members to prevent the first 

2. Background of the Prior Art piston head member from rotating relative to the piston 
As currently available high-powered Internal com* 10 body. It is preferable that the elastic-plastic member is 

bastion engines for automotive vehicles are developed, an aluminum fiber molding. 

the thermal loads exerted on their engine pistons tend to The first piston head member may have a stepped 
increase. A piston has been accordingly proposed portion on its outer peripheral surface. The second 
wherein a piston b internally chilled by the inclusion of piston head member includes a hollow cylindrical por- 
a ceramic piston head plate during casting of the piston 15 tion into which the first piston head member is fitted 
body to improve the heat resistance of the head plate of and a flange portion on which the aluminized layer is 
the piston which feces a combustion chamber of the formed. An edge of the hollow cylindrical portion eu- 
en 8« ,e - gages the stepped portion so as to prevent the first pis- 

However. there is a problem in that the internally ton head member from being separated from the piston 
chilled surface of the ceramic piston head is separate 20 body. 

from the piston body, causing the ceramic piston head According toanother aspect of the present invention, 
to play and to break due to shocks such as piston slap, there is provided a piston for a diesel engine which 
smce the ceramic piston head and the aluminum piston comprises a piston body made of an aiurninum alloy, a 
body do not bond well and the difference in thermal first iston ^ member ^ of a ceramic, the first 
ezjansioa therebetween is great. Addmonally, the great 25 ^ mcmhcf t^g m ^ fonn ^ a cy]mder , a 

difference xn thermal expansion of the two materials iston hcad mern £ r of dtaninm or a tita- 

^l^t^Z^S °u ™™ A. the second piston head member being ap- 

body dormg cooling after casting. This results in crack- -.j™ e k«^/-«^ ~ MMM -_ A *u a JLT- 

ing of the piston body proximately ring shaped and engaging the first piston 

30 head member by shrink fit bonding, and an aluminized 
SUMMARY OF THE INVENTION layer formed on a surface of the second piston head 

It baccordingly an object of the present inventionto ro f rabe 5 to 5° nnc ? * c scc ? nd P**on Jiead member 
provide a piston for an internal combustion engine ^ * e /? °? to the mcchamcal 

which includes a piston body made of an aluminum ^ 1)011(1 thcrcbctwcCT V 
alloy and a piston head made of a heat resistant alloy 35 According to a farther aspect of the invention, there 
connected with the piston body firmly so as to provide K P rovidcd a method of producing a piston for an mter- 
a high mechanical strength of bonding therebetween to nal combustion engine which comprises the steps of 
produce a high quality piston. providing a piston head including a first piston head 

According to one aspect of the present invention, member made of a ceramic and a second piston head 
there is provided a piston for an internal combustion 40 member made of titanium or a titanium alloy, the first 
engine which comprises a piston head made of heat piston head member constituting a central portion of 
resistant material, a piston body made of an aluminum said piston head and the second piston head member 
alloy, and an aluminized layer formed on a surface of constituting the periphery thereof, tiie second piston I 
said piston head and interfacing between said piston head member bemg v o 

head and said piston body to connect said piston head 45 member by shrink fit bonding the aluminized layer 
with said piston body to improve the mechanical being formed on the surface of the second piston head 
strength of the bond therebetween. member, forming an aluminized layer on a surface of 

In the preferred embodiment, the piston head in- said piston, disposing the piston head with the alumi- 
dudes a first piston head member made of a ceramic and nized layer within a mold, pouring a melt of aluminum 
a second piston head member made of a titanium or a 50 aUoy for forming a piston body into the mold to be 
titanium alloy. The first head member constitutes the bonded to the alurninized layer to form a piston having 
central portion of the piston head, while the second improved mechanical strength of the bond therebe- 
head member constitutes the periphery thereof, the tween. 

second head member being engaged with the first head rrtff nP^rptPTTHN nr top n» Awrwr^ 
inembex by shrink fit bonding, the alurninized layer 55 BIUEF DESaUPTI ? N 0F T}lB DRAWINGS 
being formed on the surface of the second piston head FIG. 1 is a sectional side view which shows a piston 
member. of a preferred embodiment according to the present 

An elastic-plastic member may be further provided. invention. 
This member is attached to an edge of the first piston FIG. 2 is a bottom view which shows a ceramic pis- 
head member to absorb stress doe to differentia] thermal 60 ton head. 

expansion between the piston body and the first piston FIG. 3 is a side view which shows a fiber member for 
head member during cooling after casting to prevent absorbing differential thermal expansion of a piston 
the piston body from cracking. Additionally, the edge body and a ceramic head member during cooling after 
of the first piston head member engaging the piston casting to reduce residua] stress, 
body may be chamfered to prevent the first head mem- 65 FIG. 4 is a graph which shows the shear strength of 
ber from rotating relative to the piston body. Alteraa- the bonding portion between a titanium alloy and an 
ttvely, a plurality of elastic-plastic members may be aluminum alloy relative to the thickness of the alumi- 
provided. In this case, the elastic-plastic members are nized layer. 
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FIG. 5 is a graph which shows the time required for ners may also be formed so as to be exposed between 

an aiuminizing reaction relative to temperature and the the fiber moldings. The fiber molding 6 is made of alu- 

thickness of the aiuminized layer. mina fiber and is, as shown in FIG. 3, formed so as to be 

FJG; 6 is a sectional side view which shows a second curved along the lower edge 3A of the ceramic head 

embodiment of the fiber member of FIG. 3. 5 member 3 with a substantially constant thickness tt. 

, For forming the piston 1. an assembly is first pro- 

DESCRIPTION OF THE PREFERRED vided ^ fabricated by fitting the ceramic head 

EMBODIMENT member 3 into the ring-shaped titanium head member 4 

Referring now to the drawings, wherein like numbers with a shrink fit bonding. The fiber moldings are at- 

■ refer to like parts in the several views, particularly to 10 tached to the edge of the ceramic head member. Subse- 

FIG. 1, a piston for a diesel engine is shown as an em- quently, the amminized layer is formed on the titanium 

bodiment according to the present invention. This pis- head member 4. The assembly is pre-set within a mold 

ton 1 comprises generally a piston body 2 made of an for the piston body Z Then, a melt for forming the 

aluminum alloy material and piston bead including 3 piston body is poured into the mold to form the piston 

hollow cylindrical head member 3 and a ring-shaped 13 1. i.e., by gravity casting. During casting, the titanium 

head member 4. The head member 3 is made of ceramic head member is chemically bonded firmly with the 

materia] and has a cavity la in its central portion. aluminum alloy forming the piston body. It is preferable 

The ceramic head member 3 is made from silicon that the fiber moldings 6 are formed with a prcdeter- 

nitride (SijN^ The material of the head member 3 mined porosity such as to prevent the melt from pene- 

however may also be an oxide ceramic such as zirconia 20 trating into it during casting thus providing all the more 

or aluminum titanate or a non-oxide ceramic such as resiliency. 

silicon carbide (SiC) or sialon to obtain heat resistance Therefore, smce the titanium head member 4 has the 

sufficient for protecting the cavity against great thermal necessary heat resistance against thermal load due to 

bad due to combustion. combustion and can provide a light-weight structure for 

The ring-shaped head member 4 is made of titanium 25 the piston 1, a coefficient of thermal expansion of the 

(TO or a titanium alloy and is engaged with the ceramic head member 4 defined between those of the ceramic 

head member 3- bv shrink fit bonding t o form the piston head member 3 and the aluminum alloy piston body 2 

head. However, as a bonding method between the tita- can be provided to restrict thermal stress occurring 

nium .head member 4 and the ceramic head member 3, during engine operation. 

press fit bonding, heat resistant brazing, or solid-phase 30 In the alurniiuzed layer 5 formed on the surface ia 

bonding may also be used. The titanium head member 4 between the titanium head member 4 and the piston 

is L-shaped in cross section including an upper disc body 2, the titanium alloy and the aluminum alloy are 

plate 4A and an inner cylinder 4B. The ceramic head chemically connected to each other to provide high 

member 3 includes two sections having outer diameters strength adhesion between the titanium head member 4 

different from each other. An annular stepped portion 35 and the piston body 2 during solidifying when casting 

3d is defined by the two sections which receive the the piston body 2. 

lower edge portion of the inner cylinder 4B of the tita- Referring to FIG. 4, test results arc illustrated which 

nium head member to prevent the ceramic head mem- show the shear strength of the bonding portion between 

bcr from being separated, or removed from the piston the titanium alloy and the aluminum alloy relative to the 
body 1 The small upper diameter section 3c is fitted 40 thickness of the aiuminized layer. The results show that 

into the inner wall of the titanium head member 4. It is an aiuminized layer having a thickness of 15 through 20 

preferable that the titanium head member 4 and the (urn) can provide sufficient strength under the severe 

ceramic head member 3 are assembled by shrink fit combustion requirements of an engine, 

bonding at a predetermined temperature in an inert gas. Referring to FIG. 5, test results are illustrated which 

On a surface which reaches from the lower surface of 45 show the thickness of the aiuminized layer with respect 

the upper disc portion 4A to the outer periphery of the to an aluminizing reaction time and the temperature 

inner cylinder 4B, an aiuminized layer 5 is formed be- therein. The .results show that aluminizing wherein the 

fore casting wherein aluninum alloy is reacted at a pre- treating temperature is 700 through 780 degrees C, and 

determined high temperature. This aiuminized layer 5 the reaction time is 10 to 15 minutes can provide an 
has a thickness of 15 to 20 (urn) for example and pro- 50 aiuminized layer having a thickness of 15 through 20 

vides an improved mechanical strength of bonding be- (jim). 

tween the titanium head member 4 and the piston body During aluminizing, since the thermal shock resis- 

2 during casting. Before aluminizing, the lower comer Lance of S13N4, which is the material of the ceramic 

of the ceramic head member 3 is faced and fiber mold- head member 3, is relatively low, pre-heating in a tem- 

ings 6 are attached thereon as will be describe hereinaf- 55 pcrature range of 300 to 400 degrees G between the 

ter. alurninizing temperature and the ambient temperature is 

The lower edge 3A of the ceramic head member 3 is necessary, 

curved by a predetermined curvature. On this lower As mentioned previously, the ceramic head member 

edge 3A, as shown m FIG. 2, three chamfered corners is prevented from being removed from the piston body 

3B are formed at regular intervals to prevent the ce- 60 2 by the titanium head member 4 and further from rotat- 

ramic head member from rotating relative the piston ing with respect to the piston body by the provision of 

body 2 after casting. chamfered corners 3B these measures provide mechani- 

Bonded to the lower edge 3A by inorganic adhesive cal strength sufficient against shock generated during 

are alumina fiber moldings 6. These three fiber mold- engine operation. 

ings are, as shown in FIG- 2, attached to the edges of 65 The fiber moldings having impermeability against the 

me piston head between the chamfered corners 3B. In melt are highly flexible and the stress due to differential 

this embodiment, three chamfered corners are pro- thermal expansion between the ceramic head member 3 

vided, however a different number of chamfered cor- and the piston body 2 caused during cooling after cast- 
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mg is absorbed by elastic-plastic deformation of the 
fiber mo!ding(s) 6, reducing residual stress occurring in 
. the portion of the piston body 2 facing the lower edge 
3A of the ceramic head member 3 to prevent cracking 
caused by tensile stress from occurring in the thin disc 5 
portion 2A of the piston body 2. 

Referring to FIG, 6, a second embodiment of a fiber 
molding 6 is shown. The thickness ti of the side wall of 
this fiber molding 6 connecting with the side wall of the 
ceramic bead member is 1.2 to 3 timers the thickness ti of W 
the bottom portion 6A connecting with the lower sur- 
face of the ceramic head member 3, This allows the 
fiber molding to be further elasttcaUy/plostically de- 
formed; greatly reducing tensile stress affecting the thin 
disc portion 2A during cooling after the casting of the 13 
piston body X 

As described above, according to the instant inven- 
tion, a light-weight piston having higher thermal resis- 
tance and a higher mechanical strength can be pro- 
vided. Further, the fiber molding can reduce stress 
acting on the piston body during cooling to prevent 
cracks from occurring. Thus, high quality can be ob- 
tained. 

Although the inversion has been shown and de- 
scribed with respect to a best mode embodiment 
thereof, the piston head including the ceramic 
member 3 and the titanium head member 4 may be 
integrally formed of a heat resistant alloy such as a 
titanium alloy or a nickel base alloy. In this case, an 
aluminized layer is formed on the surface of the piston 
head connecting with the piston body. This piston head 
is put into a mold for the piston body and then an alumi- 
num alloy is cast to form a piston having the necessary 
shape. 

In this disclosure, there is shown and described only 
the preferred embodiment of the invention, but, as 
aforementioned, it is to be understood that the invention 
is capable of use in various other combinations and 
environments and is capable of changes or modifies- ^ 
tions within the scope of the inventive concept as ex- 
pressed herein. 

What is claimed is: 

1. A piston for an internal combustion engine, com- 
prising: 43 

a piston head made of heat resistant material; 

a piston body made of an aluminum alloy; and 

an aluminized layer formed on a surface of said piston 
head and interfacing between said piston head and 
iaid piston body to connect said piston head with 50 
said piston body to improve the mechanical 
strength of the bond therebetween, 

wherein said piston head includes a first piston head 
member made of a ceramic and a second piston 
head member made of titanium or a titanium alloy, 55 
said first piston head member constituting a central 
portion of said piston head and said second piston 
head member constituting the periphery thereof, 
said second piston head member being engaged 
with said first piston head member by shrink fit 60 
bonding, said aluminized layer being formed on the 
surface of said second piston head member, and 

wherein the edge of said first piston head member 
engaging with said piston body is chamfered to 
prevent said first head member from rotating rela- 65 
tive to said piston body. 

2. A piston for an internal combustion engine, com- 
prising: 



a piston head made of heat resistant material, said 
piston head including a first piston head member 
made of a ceramic and a second piston head mem- 
ber made of titanium or a titanium alloy, said first 
piston head member constituting a central portion 
of said piston head and said second piston bead 
member constituting the periphery thereof, said 
second piston head member being engaged with 
said first piston head member by shrink fit bonding, 
said aluminized layer being formed on the surface 
of said second piston head member; 
a piston body made of an aluminum alloy; 
an aluminized layer formed on a surface of said piston 
head and interfacing between said piston head and 
said piston body to connect said piston head with 
said piston body to improve the mechanical 
strength of the bond therebetween; and 
an elastic-plastic member attached 10 a curved edge 
of said first piston head member to absorb stress 
due to the differential thermal expansion between 
said piston body and said first piston head member 
during cooling in casting to prevent said piston 
body from cracking, 
25 wherein the edge of said first piston head member 
engaging with said piston body is chamfered to 
prevent said fust piston head member from rotating 
relative to said piston body. 

3. A piston for an internal combustion engine, com- 

30 P 1 ™* 

a piston head made of heat resistant material, said 
piston head including a first piston head member 
made of a ceramic and a second piston head mem- 
ber made of titanium or a titanium alloy, said first 
piston bead member constituting a central portion 
of said piston head and said second piston head . 
member constituting the periphery thereof, said 
second piston head member being engaged with 
said first piston head member by shrink fit bonding, 
said aluminized layer being formed on the surface 
of said second piston head member; 
a piston body made of an aluminum alloy; 
an aluminized layer formed on a surface of said piston 
head and interfacing between said piston head and 
said piston body to connect said piston head with 
said piston body to improve the mechanical 
strength of the bond therebetween; and 
a plurality of elastic-plastic members attached to an 
edge of said first piston bead member spaced from 
each other by given intervals to absorb stress due 
to differential thermal expansion between said pis- 
ton body and said first piston head member during 
cooling after casting to prevent said piston body 
from cracking and a plurality of chamfered sur- 
faces provided on the edge of said first piston head 
member between said elastic-plastic members to 
prevent said first piston head member from rotating 
relative to said piston body. 

4. A piston as set forth in claim 3, wherein: 
said elastic-plastic member is an alumina fiber mold- 
ing. 

5. A piston for an internal combustion engine, com- 
prising: 

a piston head made of heat resistant material; 
a piston body made of an aluminum alloy; and 
an aluminized layer formed on a surface of said piston • 
head and interfacing between said piston head and 
said piston body to connect said piston head with 
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said piston body to improve the mechanical 
strength of the bond therebetween, 

wherein said piston head includes a first piston head 
member made of a ceramic and a second piston 
head member made of titanium or a titanium alloy, 5 
said first piston head member constituting a central 
portion of said piston head and said second piston 
head member constituting the periphery thereof, 
said second piston head member being engaged 
with said first piston head member by shrink fit 10 
bonding, said aluminized layer being formed on the 
surface of said second piston head member, and 

wherein said first piston head member has a stepped 
portion on its outer peripheral surface, said second 
piston head member including a hollow cylindrical 15 
portion into which said first piston head member is 
fitted and a flange portion on which said alumi- 
nized layer is formed, an edge of said hollow cylin- 
drical portion engaging said stepped portion so as 
to prevent said first piston head member from 20 
being separated from said piston body. 

6. A piston for a diesel engine, comprising: 

a piston body made of an aluminum alloy; 

a first piston head member made of a ceramic, said 
first piston head member being in the form of a 
cylinder; 1 

a second piston head member made of titanium or a 
titanium alloy, said second piston head member 
being approximately ring shaped and engaging said 
first piston head member by shrink fit bonding; 

an aluminized layer formed on a surface of said sec* 
ond piston head member to connect said second 
piston head member with said piston body to im- 
prove the mechanical strength of the bond therebe- 35 
tween; and 

a plurality of elastic-plastic members attached to an 
edge of said first piston head member spaced from 
each other by given intervals to absorb stress due 



23 



30 



to differential thermal expansion between said pis- ^ pr^ine: 



to prevent said first piston head member from 
being separated from said piston body. 

8. A method of producing a piston for an internal 
combustion engine, comprising the steps of: 

providing a piston head including a first piston head 
member made of a ceramic and a second piston 
head member made of titanium or a titanium alloy, 
said first piston head member constituting a central 
portion of said piston head and said second piston 
head member constituting the periphery thereof, 
said second piston head member being attached to 
said first piston head member by shrink fit bonding 
and retaining means for restricting displacement of 
the first piston head member with respect to an 
axially upward direction of the piston; 

forming an aluminued layer on a surface of said sec- 
ond piston head member interfacing with a piston 
body; 

disposing said piston head with said aluminized layer 
within a mold; and 

pouring a melt of aluminum alloy for forming a piston 
body into the mold to be bonded to said aluminized 
layer to form a piston having improved mechanical 
strength of the bond between said piston body and 
said head. 

9. A method as set forth in claim 8, wherein: 

said retaining means is provided with a stepped por- 
tion formed on an outer peripheral surface of the 
first piston head member and an extending portion 
of the second piston head member engaging with 
the first piston head member. 

10. A piston as set forth in claim 2, wherein: 

the elastic-plastic member comprises a plurality of 
discrete elastic-plastic sections attached to the edge 

' of said first piston head member spaced from each 
other by given intervals, the edges of said first 
piston head member between the elastic-plastic 
members being chamfered. 

11. A piston for an internal combustion engine, corn- 



ton body and said first piston head member during 
cooling after casting to prevent said piston body 
from cracking and a plurality of chamfered sur- 
faces provided on the edge of said first piston head 
member between said elastic-plastic members to 45 
prevent said first piston head member from rotating 
relative to said piston body. 
7. A piston for a diesel engine, comprising: 
a piston body made of an aluminum alloy; 
a first piston head member made of a ceramic, said 50 
first piston head member being in the form of a 
cylinder; 

a second piston head member made of titanium or a 
titanium alloy, said second piston head member 
being approximately ring shaped and engaging said 55 
first piston head member by shrink fit bonding; and 

an aluminized layer formed on a surface of said sec- 
end piston head member to connect said second 
piston head member with said piston body to im- 
prove the mechanical strength of the bond therebe- 60 
tween, 

wherein said first piston head member has a stepped 
portion on its outer peripheral surface, said second 
piston head member including a hollow cylindrical 



a piston body, made of ahiminura alloy, having a 

cavity is a central end portion thereof; 
a first piston head member made of ceramic, provided 
in the cavity of said piston body to define a central 
head portion; 
a second piston head member made of titanium or a 
titanium alloy, defining the periphery of the piston 
head; 

an aluminized layer formed on a surface of said sec- 
ond piston bead member and interfacing between 
said piston body and second piston head member to 
connect said second piston bead member to said 
piston body; and 

retaining means including parts of said first and sec- 
ond piston head members for retaining said first 
portion head member in the cavity of said piston 
body. 

12. A piston as set forth in claim 11, wherein: 

said retaining means is provided with a stepped por- 
tion formed on an outer peripheral surface of said 
first piston head member and an extending portion 
of said second piston head member engaging with 
the stepped portion. 

13. A piston as set forth in claim 12, further compris- 



portian into which said first piston head member is 65 ing: 

fitted and a flange portion on which said alumi- a plurality of elastic-plastic members attached to an 

nized layer is formed, an edge of said hollow cyiin- edge of said first piston head member and spaced 

drical portion engaging said stepped portion so as from each other by given intervals to absorb stress 
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due to differential thermal expansion between said , * 5 ' * method of producing a piston according to 

. * claim 9, comprising the further step of: 
piston body and said first piston head member dor- attaching an elastic-plastic member to said edge of 
ing cooling after casting of said piston body to said first piston head member in selected relation- 
prevent said piston body from cracking. 5 t0 said chamfered P° rtion thcreof bcfore wid 

disposing step. 

14. A method of producing a piston according to w . A method of producing a piston According to 

claim 8, comprising the further step of: claim 9, comprising the further step of: 

chamfering a portion of an edge of said first piston chamfering a portion of an edge of said first piston 

. a . . . ^ . „ . 10 head member engaging with said piston body to 

head member engaging with said piston body to prevent relative rotation therebetween, 

prevent relative rotation therebetween. • • ♦ ♦ • 
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ABSTRACT 



Method of forming a two-piece hollow cathode sputter 
target assembly and the assembly formed thereby. The 
sputter target assembly includes an outer shell having a 
substantially cylindrical side wall and is composed of a 
relatively low purity metallic material. A sputtering insert 
includes a substantially cylindrical side wall and is concen- 
trically received within, and bonded to, the outer shell. The 
sputtering insert is composed of a relatively high purity 
metallic material as used for depositing a thin layer or film 
onto a desired substrate. 

20 Oalms, 6 Drawing Sheets 



US 6,419,806 Bl 

Page 2 



U.S. PATENT DOCUMENTS 

5,4S2£11 A 1/1996 Helmet el ol 204/298.17 

5,687,600 A 11/1997 Exnigh ct al 72/69 

5,716,505 A * 2/1998 Scherer 204/289.11 

5,728,280 A * 3/1998 Scherer _ 204/298,18 

5,729,084 A 3/1998 Hale et al. 

5,783,795 A * 7/1998 Gilmaa et al 219/121.45 

5,858^56 A 1/1999 Eckert ct al. 

5,8fi3,361 A * 3/1999 Kellogg el ai. 219/390 



5,982,973 A 11/1999 Yaa cl al. 

5,985,115 A 11/1999 Hansough el al 204/29a» 

6,030,514 A 2/2000 Dunlop ct aL 

6,085,966 A * 7/2000 Shimomuki el al. 228/193 

6,164,519 A 1772000 Oilman et at ... 228/107 

6493,854 Bl * 2/2001 Lai el al 204/192.12 

6,277,249 Bl * fl/2001 Gopoliaja et aL 204/19Z12 

6,283,357 Bl * 9/2001 KuUcanii et aj 228/155 

• ciled fay examiner 



U.S. Patent Jul. 16,2002 Sheet 1 of 6 US 6,419,806 Bl 




U.S. Patent Jul. 16, 2002 Sheet 2 of 6 



US 6,419,806 Bl 



FIG 




56 59 28 



U.S. Patent Jul. 16, 2002 Sheet 3 of 6 



US 6,419,806 Bl 



FIG -3 




U.S. Patent Jul. 16, 2002 Sheet 4 of 6 



US 6,419,806 Bl 



F/G-4 

VZZZZZZZZZZ ZZZZZ* ~7 S 



70 






U.S. Patent Jul. 16, 2002 Sheet 5 of 6 US 6,419,806 Bl 




U.S. Patent Jul. 16, 2002 Sheet 6 of 6 

FIG -6 



US 6,419,806 Bl 





ESSaiJfc ^'^-jk -"*• *. r V * « - - - - * - - 




fc/ 

/ 

/ 
/ 




US 6,419,806 Bl 
1 2 

INSERT TARGET ASSEMBLY AND METHOD high purity metals and racial alloys. Additionally, such 

OF MAKING SAME hollow cart) ode target assemblies are generally inefficient in 

that a significant portion of the sputtering material remains 
CROSS-REFERENCE TO RELATED unused when the assembly requires replacement. 

• APPLICATIONS 5 Accordingly, there remains a need for a hollow cathode 

Tnis application is a 371 PCT/US88/28723 filed Dec 3 targ€l f^T? 1 * wb . ich bcrciSCS lhc cfl ? dcDt 050 of thc 
1999, and published under PCT 21(7) in the Fnatich i,n' expensive hign-punly spultenng malenal and generally 

8 ua g ; S r*S^K£S£8S£T Kdu s s f ,he ""W r2 wei8bt - ,h r 13 

lion Serial No. 60.H0.765 filed Dec 3 1998 " fOT ' !" 9l,od °' P roduan 8 8 boUow 

' jo target assembly. 

BACKGROUND OF THE INVENTION SUMMARY OF THE INVENTION 
1. Field of the Invention Thc present invention provides a two-piece pot-shaped, or 
The present invention relates to methods for preparing hallow cathode, sputter target assembly including a sputter- 
sputter target assemblies, and to the sputter target assemblies 15 in g i ? scrt of P urf, y s P ulIc ring material which is con- 
prepared by these methods. In particular, the invention centrically received with an outer shell of less expensive, 
relates to pot-shaped, or hollow cathode, sputter target lowcf antl P refcraol y> "ghter weight material, 
assemblies, and methods for making such assemblies. More particularly, the invention contemplates a sputter 
Z Description of the Prior Art target assembly comprising a sputtering insert including a 
Cathodic sputtering is widely used for depositing thin » suhstanti|dly cylindrical side wall defining a longitudinal 
layers or films of materials from spuiter targets Co dLred T.^Zl™'! ^ &< ^ ° ne , end of ? e » 
substrates. Basically, a cathode assembly including the sput- SpUttC ™* T " , *Z ' P 1 ?"" 
ter target is placed together with an anode in a chamber filled W r ». T "„ ,Brf f oe 
with an inert gas, preferably argon. The desired tEte fa connected to the tnner surface of the side wall The opposing 
positioned inL chamber neafthe anode wS freeing * «t of *! ™« "°P™ «* **™ 
surface oriented normally to a path between the cathode * ° f t *** * cu P- sha P ed 
assembly and the anode" A high voltage electric fieW is *P u ««-8^«; . 

applied across the cathode assembly and the anode sputtering insert is concentrically received within an 

Electron ejected from the cathode assembly ionize Ure ?*! ^f' — * ^ 

inert gas. The electrical field then propels positively charged 30 ?* wan . h ™ n S ™" surfaces A substan- 

ions of the inert gas against a ^r^surfacc of the «f yP 1 ^"^ ^" « connected to the side waJlw one end 

sputter target. Material dislodged from the sputlerTargct bv ° f ^ "T.i^-J T " !° TeT ^ 

tbe ion bombardment traverse! .be chamber »d deS to ^,° £ ^ ^ ^ «*? st,6 » » 

fonn the thin layer or film on the receiving surfa^Tthe .. » "^f" ° f *? ^ " D<3 

substrate 33 end aU °* lne sputtering insert along an interfacul area 

•j. ' ,„ , . - , , ,. . . locatedbetweenthesputteringinsertandtheoutershell.The 

bv .h?C™J?T beafcd dunng the sputtenng process jnterfadal area includes a substantially cytindricd portion 

™, I 7 .J??? y ° f 8- "ns. In exlcnding coaxial to the longitudinal iris 

if^a cathode target assemblies, the target is attached m ^ * B refcrab , of , finn 

rS^SS 40 meta^ateriafselected from the gro^Sng of S 
ion bombardment of the u£T 8 ' punty Utanrum. copper, tantalum, cobalt, tungsten, alumi- 

r. r , 6 , num and afioys thereof. The outer shell b preferably com- 

XZ- W „ ■ knOW f ! yS,£m for eoaUn « sub5trates b - v posed of a second metallic material selected from the group 
catbodtc sputtering includes a cathode having a hollow body consisting of low purity aluminum, copper, steel titanium 
with an open end feeing the substrate and anode. A series of 45 and alloys thereof. The first metallic material has a purity 
magnets may be provided around the hollow cathode body significantly greater than that of a respective second metallic 
tor optimizing the ionization through magnetic fields. As material 

iSZrf^^ SU ^ a ' e ^ 006 «*0dim«» of the method of the present invention 
Eated'in^ S P P?l £t£??Z I u« aS ^ m ^ eS „T for fonnin 6 ,be "described two-piea hoUow cathode 
to?N?4 £?m £ . ? H !^1^ V 1 V ~ 5° *»* —■*»>■ iDclu<fcs «- «epsof forming a blank 

SraSb tn^SL l£t Ji ,3 ' ^ U& N ?- of » fol materiaJ » sparing insert deluding 

by S^. *" mCOr P° rJled bercin « subsUntiaUy cylindrical side wall and antnd wall, the side 

u . . , wall and the end wall defining an outer mating surface and 

High punty metal and metal alloys having a purity level an inner sputtering surface. A blank of a second metallic 
greater toan that available from commercial grade materials 55 material is formed into an outer shell including a substan- 
ana typically selected form the group including titanium, tiaUy cylindrical side wall and an end wall, the side wall and 
copper, tantalum, cobalt, tungsten and aluminum, are uli- end wall defining an inner mating surface. 
^JL^r" 1 A ri ° S "'IT 31 iD C, ? nvc ° li0Q * 1 ^ ™c sputtering insert is positioned eccentrically wuhin 
mZSl ^f** 1 *** J"* faigh Pttrity oulcr ^ * od * substantially cylindrical plug is next 

^Tv r^ °^° ftC n °°l ^ 1VailabIe ^ « Positioned concentrically within ^sputtering^n. Toe 
!l^i y c^„ y ' t 5? ,lcal 1 Ul « ct atefc ^tiering insert and plug are then placeTwithin a hot 

SSe^S * W raampulall0D due 10 to form a vacuum tight can assembly wherein residual air is 

« . a ~ evacuated from the can assembly. The can assembly is then 

J ne above described traditional hollow cathode target 65 subjected to a predetermined temperature at a predetermined 

assemblies are monolithic in design such that the assembly pressure for a predetermined period of time, thereby diffu- 

is formed entirely of the costly and often relatively heavy sion bonding the sputtering insert to the outer shell. 
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A first alternative embodiment of the method of the FIG. 4 is a diagrammatical view illustrating a series of 

present invention includes the steps of forming the outer steps performed in accordance with a first preferred method 

shell and sputtering insert as detailed above but ip a manner of the present invention; 

providing for an interference fit at room temperature. More FIG. 5 is a diagrammatical view of a hot isosiatic press 

particularly, the inner diameter of the side wall of the outer 5 can placed within a hot isoslatic pressure chamber, and 

shell is selected to be less than the outer diameter of the F1G 6 h a di agrammatical view musing a series of 

sputtering insert at ambient room temperature. The sputter- ste rfomic<i fa aaattdm ^th a second preferred 

ng insert is preferably provided at a first predetermined mclho d of the present invention, 
temperature no greater than ambient room temperature and 

the outer shell is heated to a second predetermined tempera- 10 DETAILED DESCRIPTION OF THE 

ture above ambient room temperature. Next, the sputtering PREFERRED EMBODIMENT 

insert is slidably received within the outer shell. The spul- „ r . --.-„, ™ 0 

tering insert is then heated, if necessary, and the outer shell hl ^ H Tf* *!* ^ 

cooled, to ambient room temperature wherein the outer shell ^-^ - T° ^TT" *** U 

contracts, thereby providing an interference fit between the as ^ * ** ^""f 14 The sputtering 

side walls of the sputtering insert and the outer shell at room m f r " " prc t f Crably ° f *J™imcM K materia] 

temperature. selected from the group constsung of high purity titanium, 

» „ , ... r . . . _ . copper, tantalum, cobalt, tungsten, aluminum and alloys 

In a second limine emboAmeol of (he method of the (hereof. This group of &st metallic materials have relatively 
P ^ST^ ^.'^.W bb . nk , n high purity as defined to be greater (ban that available from 

SSS^ ™ T\ miten ^ 1 'f* m T$ commerdal grade materials Tbe particular material utilized 

bb^ r * * ^ Umu ly . , ' 1 I r r SbeI1 for «* s P»" eriD 8 insert 14 may be selected from Ibis group 

f Xm0 t^\ m »Ti *. bjsed upon a variety of criteria including, butno. limited to. 

^ *™,^'m "E^!* 4 ^ blani Lf b ° Dded etebng^buity, eJe of maoufactureTlod resistivity. The 

wi* tbe sputtermg blank to farm a blank assembly. ou(er ^ u ' fc preferablv compos<Jlj rf , 

Hooding is preferably accomplished by pressing tbe first 25 material which is selected from the group consisting of 

mating surface together with the secood mating surface at a relatively low purity aluminum, copper, steel, titanium and 

predetermined temperature below melting points of the first alloys (hereof. The second metallic material is generally 

and second metallic materials such that a diffiision bond is commercial grade and has a puri(y significant lower than 

formed along the first and second mating surfaces to define ib at of tbe first metallic material. 

u-^lT",^ I£! Umk .^' nbly * neX ' fT? U5iD8 M ™ e OMa *** 12 fa '"P-^ped »nd includes a subslau- 

ureci asscmMv mto. cup^haped sputter tillly efaMai si<k wiU 16 ^ , longitudinal center 

St?^ ' ° composed of the 3xis lg . A fil5l end 20 rf tbe ouler ^„ closed by , 

t H „k r^ nT nD8 ^ COClp ° Sed 0f *• substantially planar end wall 22 connected to ,be side Jail 

Z^fj^E ^ ^ mStn " concen « na "y M and extending subsUn(iaUy transversely to the loogim- 

deposed wuhin the outer shell. The sputter target assembly *> dlnal ^ 18 . ^ w , u 7 16 fadBdB , , ill inner or ff fasl 

mt^rf^H"?'^^'" ° Uh:tSheU n,a im gsurfaee24andanouteisurface26. likewise, (he end 

wrf^nT ^ f Y defiued by the spultenng insert wall 22 ^ an iocludcs or &st mating surface 28 and 

SLTwT ^ E 10 ° U,Er ao ott,er surfact: 30 A end 32 of U* outer shell 12 

* " WH . * . . 9 „ , n remains open to define an open chamber 33. 

mTcrtl c^tZT^t^ ^ ,DCrCaSCS SU P^ a m ^ Dtin S comprising an annular flange 

™ZL ^ ^ amOU °i CXpenSIVC 34 cxtendM S ndiaU y outwarfl y fi«n 5e side wall 16 A 

spunenng material whwrh is not fully processed. pIuraHly of Anting bores 36 are preferentially equally 

It is a further object of the present invention to provide a spaced around the mounting flange 34. An annular groove 38 

hollow cathode target assembly of a reduced weight, thereby CXIC0ds ^thin the mounting flange 34 from proximate the 

facilitating mampulation thereof. open second end 32 towards the closed first end 20. Asealing 

It is another object of the present invention to provide a member, preferably an O-ring 40 is received within the 

hollow cathode target assembly which is inexpensive. annular groove 38 for providing a seal between the outer 

It is yet another object of the present invention to provide 50 shell 12 and a wall (not shown) of the sputtering system, 

a method of forming such a lwlbw cathode target assembly An annular recess 42 is likewise formed within the 

by providing a relatively inexpensive outer shell which mounting fiange 34 and is in communication with tbe 

concentrically receives a high purity sputtering insert. annular groove 38. The annular recess 42 is adapted to 

II is a further object of tbe present invention to provide receive an insulating member (not shown) for providing 
such a method of forming a hollow cathode target assembly 55 insulation between the outer shell 12 and the wall of the 

which provides adequate bonding strength. sputtering system. Tbe side wall 16 includes a receiving 

Other objects and advantages of the invention will be noich 44 proximate the second open end 32 and extending 

apparent from tbe following description, the accompanying radially outwardly from tbe longitudinal axis 18. 

drawings and the appended claims. The sputtering insert 14 is cup-shaped and concentrically 

BRIEF DESCRIPTION OF THE DRAWINGS 60 rcccivtd within !be omcr shc11 u ~ Tbe sputtering insert 14 

^ . . . , , comprises a substantially cylindrical side wall 46 having an 

IIG^ 1 is a perspective view of tbe sputtering target mne r surface 48 and an outer or second mating surface 50 

assembly made m accordance with the present invention; A first end 52 of the sputtering insert 14 is closed by a 

hi B F * CrosSrSecuona] View of sputtering target substantially planar end wall 54 connected to the side wall 

assembly of FIG. ]; 65 46 and extending substandally transverse to the loommcrinal 

FIG. 3 is an exploded perspective view of the sputtering axis 18. Tbe end wall 54 includes an inner surface 56 and an 

target assembly of FIG. 1; ou ter or second mating surface 58. The inner surfaces 48 and 
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56 of the side wall 46 and end wall 54 form a sputtering temperature of approximately 565° C. within a range of *4° 

surface which defines an open chamber 59. The side wall 46 C at a pressure between 10. 17 Mega Pascals (MPa) and 
proximate an open end 60 of the sputtering insert 14 includes 10-35 MPa. It is preferred that these parameters be main- 

a radially outwardly extending lip 62 for engaging the uioed for ±3 hours 0.1 hours. Hot isoslatic pressing methods 

receiving notch 44 of the outer shell 12. As may be 5 are described in more detail in ILS. PaL No. 5,234,487, to 

appreciated, the hp 62 provides an extremity for the sputter Wickersham el al. and US. Pat. No. 5,230,459, to Mueller 

target assembly 10 consisting solely of the high purity first et al., the disclosures of which are incorporated herein by 

metallic materia] of the sputtering insert 14. reference. 

The inner or first mating surfaces 24 and 28 of the outer After the HIP process is completed, the closure plate 72 

shell 12 are adapted to mate with the inner or second mating 10 is machined off and the plug 68 removed from within the 

surfaces 48 and 56 of the sputtering insert 14 along an sputtering insert 14. The assembly may then be machined, if 

interfacial area 64 between the sputtering insert 14 and the desired, by conventional means to predetermined dimen- 

outer shell 12. The interfacial area 64 includes a substan- sions for the final sputter target assembly 10. 

lially cylindrical portion 66 extending coaxially with the Av^oMprtfei^^^^ 

longitudinal ajns 18 (FIG. 2). 15 j^^y^ 

Turning now to FIGS. 4 and 5. a first preferred erabodi- bonding method wherein aa- interference V mxrvided 

ment of forming the sputter target assembly 10 of the present between ^ side walls 16 airf 4$ ^ 

invention is illustrated. Initially, the sputtering insert 14 is sputfejriil# 

formed from a blank of the first metallic material through the steps for providing the shrink fit bono* include providing 

traditional metal working methods. Likewise, a blank of the 20 the sputtering insert 14 al a first predetermined temperature 

second metallic material is formed into the outer shell 12 by no greater than ambient room temperature. The sputtering 

traditional metal working techniques. These traditional insert 14 may be cooled to a temperature below ambient 

metal working techniques preferably comprise a spinning or room temperature. The outer shell 12 is healed to a second 

deep drawing operation. Once the outer shell 12 and sput- predetermined temperature above ambient room tempera- 

tcring insert 14 are thus formed, they may be machined to 25 tore. The sputtering insert 14 at the first temperature is then 

appropriate dimensions as required. It should be noted that concenlrically placed within the outer shell 12 at the second 

through experimentation it has been discovered that the final elevated temperature. Next, the sputtering insert 14 and the 

bonded target assembly 10 may shrink during diffusion outer shell 12 are returned to ambient room temperature by 

bonding such that dimensions of the sputtering insert 14 beating and cooling, as required. The outer shell 12 con tracts 

should be adjusted accordingly to allow for such shrinkage. 3U thereby providing an interference fit between the side walls 

Next, a substantially cylindrical solid plug 68 is inserted 16 and 46 of the outer shell 12 and the sputtering insert 14 

within the sputtering insert 14. The phig 68 is utilized to at room temperature. If the sputtering insert 14 is healed 

prevent the outer shell 12 and sputtering insert 14 from from a first temperature below ambient room temperature, il 

deforming or collapsing during subsequent bonding opera- will expand thereby providing additional interference 

lions. The plug 68 is preferably composed of aluminum, 35 between the side walls 16 and 46. 

steel or graphite, wherein aluminum is the preferred material In a preferred shrink fit method of bonding, the sputtering 
due to its thermal properties, ease of machining and expense. insert 14 comprises tantalum and the outer shell 12 corn- 
Further, the plug 68 is preferably coated with boron nitride prises low purity aluminum. The sputtering insert 14 and 
to facilitate its removal following subsequent bonding outer shell 12 are formed to define an approximate 0.060 
operations. A 0.005 inch gap is preferably provided between inch interference between the outer diameter of the side wall 
the side walls 16 and 46 of the outer shell 12 and the 46 and the inner diameter of the side wall 16 al ambient 
sputtering insert 14. Likewise, a 0.005 inch gap is preferably room temperature. The sputtering insert 14 remains at ambi- 
provided between the side wall 46 of the sputtering insert 14 ent room temperature of approximately 24* C, while the 
and the outer surface 70 of the phig 68. outer shell 12 is simultaneously heated to approximately 

After the outer shell 12 T sputtering insert 14 and plug 68 482° C. for about 1 hour. The sputtering insert 14 is then 

are all concentrically disposed, a top closure plate 72 is slidably received within the heated outer shell 12. The 

welded to the outer shell 12 to form a can assembly 74 assembly is then air cooled to ambient room temperature, 

defining a vacuum tight closure, as shown in FIG. 5. The Referring now to FIG. 6, a third preferred embodiment of 

closure plate 72 is preferably welded to the outer shell 12 50 the method of the present invention comprises providing a 

through electron beam welding in a vacuum atmosphere. substantially planar sputtering blank 78 composed of the 

This process of electron beam welding in vacuum is well first metallic material having a first mating surface 80 and 

known in the art and there are numerous electron beam providing a substantially planar shell blank 82 composed of 

welders available on the market which may be utilized for the second metallic material having a second mating surface 
this purpose. ^ 84. The planar shell blank 82 and planar sputtering blank 78 

Next, the can assembly 74 is. placed within a hot isostaiic are bonded together to form a blank assembly 86. 
press (HIP) chamber 76 and is subjected to an HIP process In a diffusion bonding method, the first and second mating 
at a predetermined temperature and pressure for a selected surfaces 80 and 84 are pressed together al a predetermined 
time. The can assembly 74 is typically subjected to equal temperature below the melting points of the first and second 
pressure from all sides by means of a pressurizing gas, w mctaHic materials such that a diffusion bond is formed along 
usually argon. The particular conditions used for the HIP the first and second mating surfaces 80 and 84. This con- 
process are selected to meet the requirements necessary to ventional mffusion bonding method is well known in the art. 
achieve sound bonds between the outer shell 12 and sput- ^ a weld bonding method, a weld is formed along the 
lenng insert 14. cdge of ^ b , ank ^ and bla(jk 78 

In a preferred HIP process, the sputtering insert 14 com- 65 vacuum conditions. The weld seals a vacuum between the 

prises tantalum and the low purity outer shell 12 comprises first and second mating surfaces 80 and 84 thereby bonding 

aluminum. The can assembly 74 may be subjected to a the blanks 78 and 82 together. It is important that the first 
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and second metallic materials be weld compatible, i.e., 
exhibit similar material properties. As such, it is believed 
that a preferred combination comprises a first metallic 
material of high purity copper (about 5-6 N purity) bonded 
to a second metallic material of low purity copper (about 4 5 
N purity). 

The blank assembly 86 so bonded is then formed using 
conventional metal working techniques into the pot-shaped 
formed blank assembly 88. The working technique may 
comprise spinning and/or deep drawing. The sputtering H 
insert 14 is thus concentrically disposed within the outer 
shell 12 such that the formed blank assembly 88 includes an 
outer cylindrical wall 16 defined by the outer shell 12 and an 
inner cylindrical wall 46 defined by the sputtering insert 14 
wherein the inner and outer walls 46 and 16 are bonded 
together. 

Next, a ring defining the mounting flange 34 is concen- 
trically disposed over the outer shell 12. The mounting 
flange 34 is then welded in place to a projecting portion 90 
of the side wall 16. 

In ibis alternative embodiment of the method of the 
present invention, it is preferred that the first metallic 
material and the second metallic material possess similar 
metal forming, particularly work hardening, properties to 
help maintain (he bond between the shell blank 82 and 
sputtering blank 78 during the forming operation. 

While the methods herein described and the products 
produced by these methods constitute preferred embodi- 
ments of this invention, it is to be understood that the 
invention is not limited to these precise methods and 
products, and that changes may be made in either without 
departing from the scope of the invention which is defined 
in the appended claims. 

What is claimed is: 

1. A sputter target assembly comprising: 
a sputtering insert including a substantially cylindrical 

side wall connected to an end wall, said side and end 
walls having inner and outer surfaces; 

an outer shell including a substantially cylindrical side 40 
wall connected to an end wall, said side and end walls 
having inner and outer surfaces; and 

wherein said sputtering insert is concentrically received 
within said outer shell and said inner surfaces of said 
outer shell are bonded to said outer surfaces of said 45 
sputtering insert thereby forming a substantially pot- 
shaped sputter target. 

2. The sputter target assembly of claim 1 wherein said 
sputtering insert is composed of a first metallic material 
selected from the group consisting of titanium, copper, 
tantalum, cobalt, tungsten, aluminum and alloys thereof. 

3. The sputter target assembly of claim 1 wherein said 
outer shell is composed of a second metallic material 
selected from the group consisting of aluminum, copper, 
steel, titanium and alloys thereof. 

4. The sputter target assembly of claim 1 wherein said 
outer shell and said sputtering insert are diffusion bonded 
together by hot isostatically pressing said outer shell 
together with said sputtering insert at a temperature and at a 
pressure for a period of time. 

5. The sputter target assembly of claim 1 wherein said 
outer shell and said sputtering insert are bonded together by 
an interference fit between said outer and inner cylindrical 
side walls, said interference fit formed at room temperature. 

6. A sputter target assembly comprising: 
a sputtering insert composed of a first metallic material, 

said sputtering insert including a substantially cyliodri- 
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cal side wall defining a longitudinal axis and connected 
to an end wall, said side and end walls having inner and 
outer surfaces, said inner surfaces defining a sputtering 
surface; and 

an outer shell composed of a second metallic material, 
said outer shell including a substantially cylindrical 
side wall connected to an end wall, said side and end 
walls having inner and outer surfaces, said inner sur- 
faces of said outer shell adapted to mate with said outer 
surfaces of said sputtering insert along an interfactal 
area therebetween to form a substantially pot-shaped 
sputter target, said interfacial area having a substan- 
tially cylindrical portion extending coaxial to said 
longitudinal axis. 

7. The sputter target assembly of claim 6 wherein said first 
metallic material is selected from the group consisting of 
titanium, copper, tantalum, cobalt, tungsten, aluminum and 
alloys thereof. 

8. The sputter target assembly of claim 6 wherein said 
second metallic material is selected from the group consist- 
ing of aluminum, copper, steel, titanium and alloys thereof. 

9. The sputter target assembly of claim 6 wherein said 
outer shell and said sputtering insert are diffusion bonded 
together by hot isostatically pressing said outer shell 
together with said sputtering insert at a temperature and at a 
pressure for a period of time. 

10. The sputtering target assembly of claim 6 wherein said 
sputtering insert is concentrically received within said outer 
shell. 

11. A method of fonning a sputter target assembly used for 
forming a film on a substrate, said method comprising (be 
steps of: 

forming a blank of first metallic material into a sputtering 
insert including a substantially cylindrical side wall 
connected to an end wall, said side and end walls 
having outer mating and inner sputtering surfaces; 

forming a blank of second metallic material into an outer 
shell including a substantially cylindrical side wall 
connected to an end wall, said side and end walls 
having inner mating surfaces; 

placing said sputtering insert concentrically within said 
outer shell; and 

bonding said inner mating surfaces of said outer shell to 
said outer mating surfaces of said sputtering insert 
thereby forming a substantially pot-shaped sputter tar- 
get 

12. The method as recited in claim 11 wherein said step 
of bonding includes pressing said outer shell and said 
sputtering insert together along said inner and outer mating 
surfaces at a temperature below the melting points of said 
first and second metallic materials such that a diffusion bond 
is formed along said inner and outer mating surfaces. 

13. The method as recited in claim 11 wherein said step 
of bonding includes: 

providing said sputtering insert at a first temperature; 

heating said outer shell to a second temperature prior to 
said step of placing said sputtering insert within said 
outer shell; aod 

returning said sputtering insert and said outer shell to 
room temperature after said step of placing said sput- 
tering insert within said outer shell, thereby providing 
an interference fit between said side walls of said 
sputtering insert and said outer shell at room tempera- 
ture. 
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14. A method of forming a sputter target assembly com- securing a closure plate to said can to form a vacuum lighi 
pnsiog: can assembly; 

providing a sputtering insert including a substantially evacuating residual air from said can assembly aod 

cylindrical side wall and an end wall, said side wall . . . . , ' 

having an outer mating surface and aTinner fullering 5 * aid «a.««Wy to a temperature and a 

surface, said sputtering insert composed of a first , /™ fo h r * ' enod of * mc " f . „ u . 

metallic material; 16 - "> c method as recited in claim 15 wherein said 

„ ■ ,„ „„. „ ■ , . . „ temperature is about 565° C, said pressure is about 10.17 

providing an outer shell including a substantially cylin- w D a -a »• ♦ . -i u 

dried side wall having an fa£ mi ring sur&L. said M £ ^ """J™? abo "', 3 ^ ,„ , . 

outer shell composed of a second metallic material; 10 'V 88 clM f 14 whereu> Mld fil * 

...... ' metallic material is selected from the eroun conslstinp of 

" om£ SShSr" 1 ,,Bert COn ° en,nCaIly ^ " d """ium. copper, tantalum, cobalt, mog^ aluminum and 

* alloys thereof, 

pressing said outer shell and said sputtering insert 18. The method as recited in claim 14 wherein said second 

se^sl^^sjKjs « r mc milerial is r'r:-? from ^ r p rr 8 o£ 

second metallic materials sudifcat a diflusToc Ttena ^T^Kd 7^ "'.fT *■ , 

formed along said inner and outer mating surfaces. . W ^ " e ? 0d f m *T «**««» «*» P"«S 

15. The method as reciied in claim 14 wherein said step ls « n »? sed of 1 ■°«enal selected torn the group consisnng 
of pressing includes the steps of: P «, ^^jmim, steel, graphite and alloys thereof. 

... . 20 20. The method as recited in claim 15 wherein said outer 

placing a plug concentrically wuhm said sputtering insert; sheU fo^ ^ hol press „„ 

placing said sputtering insert and plug within a hot 

isostatic press can; » , » , , 
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Abstract The strength of a press fit joint represents static friction force that is the 
biggest force thai can ht transmitted by means of this John. The raui strength of a press 
fit joint can only he determined hy loading, the joint up to the njfinienf nf parts 
separation. However, in projecting phase of engineering: practice calculation of the 
press fit joint strength is often necessity. In order to reliable estimate the press fit joint 
strength it is nec essary to know real value of static friction coefficient. L uieututton 
it;ctJ;*\f vf pus* /?.' jirinr, ...j spc*.JJ:L fribowc*. Imnicaf o/.>.v;/.\. ? ..•j:ciim^;u\u r 
investigation of their friction coefficient vahtcs is given in this paper 

Key words; rrih'f^\ press ft ft. fricthr.fonc* friction ^effrckftt. 



1 Introduction 

Press fit joints have simply form and way uf a:>scinbling and because of thai iiiey have 
application in projecting of uanspoii vehicles. A press fit joint represents a bond b etween 
two parts in contact and it is realized by the static fWction effect that i* caused by -mutual 
pressure acting on their contact surfaces. 

The strength of a press fit joint represents static friction force. In fact this is the 
biggest force which can be transmitted from one to another part in contact. Because of 
that, a press tit joint represents a specific tnbomechanical system. The most important 
feature of tins uibomechanicai system is it's real Strength. 

Press fit joinis such as gear-shaft, beating-shaft, whcei-j\k\ brake disc-axle and so uu 
aic very important mechanical pari*. This is because the ilicu^tli of u prcaa fit joint 
directly has influence on safety of iran-.pnrt vehicles. 
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2. The STRENGTH OF A PRRSS FIT joint 

The rca! strength of press fit joint can only be determined by loading the joint up to 
the moment of parts separation. The value obtained in this way is different from the one 
obtained theoretically by means of calculation. This is the cause of the unreliability in 
choosing the coefficient friction value, estimating the real joint interference and 
calculating the contact pressure. 

In Fig. I. is given an overview of parameters and features that have influence on 
contact pressure and friction coefficient and in that way on the strength of a press fit joint. 
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Fig, I Influencing parameters arid features on press fit joint strength 
The next formula is in use for the press fir joint strength calculation: 



(I) 
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It can be seen that increasing in press fit joint strength can be obtained by the increase 
of the joint diameter (d) t length of the press fit joint (/), contact pressure (/?) and friction 
coefficient ( fi ). The increase of the joint diameter and length causes the increase of the 
volume as well as the weight of the unit and in this way the increase of the whole 
construction proportions. On the basis of the previous an engineer must avoid the increase 
of the press fit joint strength in this way. 

The contact pressure can be increased by performing larger joint interference or by 
increased stiffness of parts in a joint. The increase of the contact pressure is limited by 
material yield strength point of parts in a press fit joint. 

The friction coefficient value has large interval of possible values and depends on a 
lot of parameters. These are: nature and properties of used material, value of the contact 
pressure, lubricant film properties, contact surfaces roughness, contact time, presence of 
the extraneous bodies in contact zone and so on. Friction coefficient can be increased 
using some technological acts and surfaces treatment. However, the friction coefficient 
value must be Hmitcd for the purpose of assembling and separating press fit joint parts 
without performing damages on parts contact surfaces. 

There is unreliability in defining the strength of a press fit joint. This comes mainly 
from unreliability in defining the value of coefficient of friction for the concrete instance. 
An investigation has been carried out at the Faculty of Mechanical Engineering in Ni{ in 
which static friction coefficient has been studied. 

I- or example, taking into account recommendations for choosing the interference 
values in die case of press tit joints for railway vehicles the larger contact pressure value 
can have mostly two times bigger value then the smallest one. If different kinds of 
lubricant and different condition of pressing to make a prc:is fit joint arc taken into 
account, the biggest value can be five times bi««er than the smallest one (6V Therefore, 
the strength of press fit joint can be change greatly with frictional features changing. 



3. Calculation of a press fit joint 

fn calculation of press fit joints start point is working load This load is very important 
because it causes tangential and/or axial forces on parts surfaces in contact in a press fit 
joint. With the purpose to transfer these forces from one pan to another it is necessary to 
obtain existence of a force that can resist sliding between the parts in contact. The force 
between pans in a press tit joint that does that is calicd friction force. Elastic 
defoliations on pans in contact caused by the existence of interference cause contact 
pressure that than pioduccs this force. Calculation uf a pr^a fit joint should give the 
interference value that ensures mentioned conditions that :s nominal values and pans 
tolerances of n press fit joint. 

An nlgorithm in Fig 2 shows the calculation method of ela-ctic loaded cylindrical press 
fit joints. Some input data for the calculation depend on the construction demands. The 
others are obtained by measuring or adopted from the recommendations. 

A computer program for press fit joints calculation has been made on the basis of the 
shown algorithm, f aculty of Mechanical Engineering as well as Mechanical Industry find 
this program very useful for this purpose. 
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Fig. 2. Press filjoims calculation algoriihm 



Investigation ol'the Press Fit Joints by the Tribolosy Aspect 1061 

4. The experimental investigation 

In the case of static friction establishing the friction coefficient value can be done only in 
very short period of time, that is in the very start moment of sliding. The static faction force 
is tangential resistance force that appears during so- 
called boundary relative displacement. The relative 

displacement proceeds to the visible, macro dis- Sample A | ^ Sample B 

placement. Taking into account this fact, static trie- Fri V 

lion force can be measured only in the very moment + — •/ i 

of sliding beginning. This is for the reason that in 



► 



the next moment, after sliding has started, this static f n 
friction force changes into kinetic one. This process * 
can be explained by conditions of forming micro- ! Reaction force 

connections and it has stohastical (accidental) char- 
acter. Fig.3. Schematic review 

Experimental model for establishing static fric- of experimental mode! 

tion coefficient, projected specially for this type of 

investigation, is shown on Fig. 3. On this base, the measuring equipment was made and 
investigation was done with samples in the form of plates. 

Taking into account this experimental model static friction coefficient can be 
established bv formula: 

Fa 

in this way static friction coefficient is established by.twu measuring force values (/•„ 
and Fj and because of that thi* value is very reliable. On the other k.ind, the next fcrrcila 
is often i:f.?4 for friction coefficient calculation for cylindrical press fit joints: 

Hie values obtained by this formula ate somewhat unreliably because of the fact thai 
me contact pressure value is nut measured but just approximately calculated. 

Txperimemai investigation vvas executed in two separate pans. The aim of the first 

experiment was examining the influence of the surface ronghness and hardness on the 
static faction coefficient. This was done with samples in the form of plates bv the 
measuring equipment specially made for this occasion, as it is shown on Fig. 4. 

This measuring equipment should ofier conditions for measuring vertical load force 
If ,W and longitudinal force (/■ a ). The last force represents friction force tn the beginning 
ut the sample parts sliding, fcxeept iorces ii should be enabled to measure displacement 
oi sample pans too. This is important because ii is necessary to record force just in the 
roomum when the sample pans begin niutu&My moving. 

The method named measuring mechanical values by electrical way is used This 
method i< reliable and respectable in modern metrology. For ihis purpose program BHAM 
3. ! is especially useful and it was used for this experiment. 
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Fig.5 Force-movement diagram of sample plates sliding process 
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The second part of the experiment is performed with press fit joint samples First 
press fit joints were assembled as force fit joints and. a few days after, samples were 
separated by means of press force. The friction force and the displacements of sample 
parts were recorded during the process of assembling and separating. 

The separating process of a press fit joint sample continued about 40 seconds 
However, the sliding beginning moment happened in very short period of time, such as it 
was in the case of plates sliding in the first pan of the experiment. 

Typical experimental force-movement diagram at the beginning of a press fit join! 
parts separating process is shown on Fig.6. 
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Fis.6. Force -movement diagram at the beginning of a press fit joint parts separating 

The experimental investigation has shown that properties of applied lubricants and 
contact surfaces roughness have specially great intluence on the sialic friction coefficient 
value as well as on the reaJ strength ot press fit joints [6J. With dif ferent lubricants that 
were applied on press fit joint samples with similar contact surfaces rottenness of parts 
static friction coefficient values wore in an interval from 0,04? up to 0 2** The values of 
static friction coefficient obtained with press fit joint samples that were lubricated wife 
thr «me lubricant together with changing m comact 51trfbces mmhnK!K rv ^ hpfween 
O.IZ, and 0.226. Moreover, when samples in the form of plates with varvinc in contact 
surfaces roughness and lubricated with the same lubricant were used the range 0 051 to 
0, 126 was obtained for the values of static friction coefficient 



5. Conclusion 



On the basis of the results obtained in the experiment it can be generally concluded 
that press fit joints must be treated as specific tnbomechanical system. It is verv important 
to have knowledge of tribologtcai parameters that can influence strength of a press fit 
joint and tn this way to ensure good loading transmit. 
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The strength of a press fit joint, that is the static friciion force, is very difficult to 
identify precisely. That is because ir depends on plenty parameters and features that have 
stohastical (accidental) character. Performed investigation indicates thai for the 
responsible press fit joints thai are loaded with huge loads and produced in high series it 
is necessary to perform an experiment for testing the friction coefficient value for the 
concrete tribological circumstances (the way of assembling the press fit joint, the way of 
machining contact surfaces, applied lubricant, surface hardness and so on). 
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TSTRAZIVANJE PRESOVANTH SPOJEVA 
SA TWBOLOSKOG ASPEKTA 

Dusan Stamen ko vie, Slobodan Jovanovic, Milos Milosevic 

■rVnsiiw^pn^n-rmi/, ?;*>jcvn prc'htrtvfjcna je xilnm tWicfotginwa ptvtb:m!j ( , mhvett situ 
hua se mnze nreneti ovim spoient. Stvama noxhost presovanm* spoja se mnze icdino ndrvdiU 
optertxivimjiim spo/a d» ircnuika mzch-ajatr/a dtloxa u spo/H. Medtitim, u inzmjetskoj praksi re veoma 
d&tto neophrx/no u fazi projektovanja sractmari nasivast presnvanog spqja U aljit da se no 
poitzdamjt' pntcem nosiwsf presovanog spuja potrebno je poztimatt sivamu vtednosi stalickog 
kus/Kijaih; ;n-ij\4. C" uront nuht ;V Jul tok ptvt^uuu prcstnvnih spu/m .ip^ifiudh 
fiitimtchaniftih shtwn rnjcffan 07 rk*perimentatnii» i*mitnxmjem wfnnyti niihwh kwfk-rjmatn 
t tenia 



Kljudne rcci tri!v,to K ij n , prvsmvtn} tpafevi. sila trvnjtt korficijent trrttja 




MM MM 


IIII 


cccc 


HH HH 


vmm MMM 


II 


cc 


cc 


HH HH 


MMMMMMM 


II 


cc 




HH HH 


MMMMMMM 


II 


cc 




HHHHHH 


MM M MM 


II 


cc 




HH HH 


MM MM 


11 


cc 


cc 


HH HH 


MM MM 


IIII 


cccc 


HH HH 



777777 


11 


77 77 


111 


77 


11 


77 


11 


77 


11 


77 


11 


77 


nun 




AA 


EEEEEEE 


LLLL 




PPPPPP 


AAAA 


EE E 


LL 




PP PP 


AA AA 


EE E 


LL 




PP PP 


AA AA 


EEEE 


LL 




PPPPP 


AAAAAA 


EE E 


LL 


L 


PP 


AA AA 


EE E 


LL 


LL 


PP 


AA AA 


EEEEEEE 


LLLLLLL 


PPPP 



6/27/02 



, wnai s .New/ - tress Kciease / isu, Uicmicals Amer.ca, Inc. 



Page ] of 3 



T cinnt ov^ih' 8 °^ he ° f h «P ;//www mitsuichemicals.com/press Kodak htm 
nil 1 I G ' S ! he Snapshot that we took of the page as we crawled the web 

, Qaqgfcft <0i/M »"///» ,/«r «,//«,nr <,/, A * wc responsible for i,j content. 

These search terms have been highlighted: bond between mechanic engagement shrink fit 



MITSUI CHEMICALS AMERICA, INC 




Business Machinery/Copiers - November 5, 1397 



EAS ™™L^ MITSUI S AURUM® THERMOPLASTIC 

POLYIMIDE FOR HIGH-SPEED COPIER FUSER ROLL END-CAP 



Eastman Kodak Company (Rocnester. NY) 

nas adopted insert moiuea AURUM 



~ rt - ^ ^ f„ 



fuser roll assembly of the KOOAK3100 " 
Duoljcator nigh speed copy machines and 
KODAK UONHEARF Power Printing Systems 
inducing tne KUDAK 1 ditf Printer ana 
Koumjs tabtouuhtt Prime!. 

' CiuJ;ano cf engineering 
plastir? 
manufacturer 
Mitsui Chemicals. 
Inc. (Purchase. 
i\Y}, AUH 
an e>:':::-;D he-- 




resistant 
thermoplastic 
polyimide 

ues^i.ea to wiinsiand high ioads and rngn 
vacanes ai temperatures exce&<iii;g SOOT 
v/*v* -ai be conventionally ?njf»rf?nn .-^h^h 
to tight ann consistent tolerances usina fvan- 
performance injection moldinq machines The 
AURUM® insert mo?ded end caps are supplied 
oy Pixley Richards, fnc, a leading custom 
injection moider of high - temperature 
thermoplastics to the automotive busings 
machinery, and efectronrcs industries The 
powder metal insert over which the AURUM 
polyimide is injection molded to form the 
composite end cap is manufactured by Alpha 
Sintered Metals. 

The end cap, also known as a gudgeon has 
traditionally been an all-plastic component 



During development of the AURUM/metal 
composite gudgeon, approximately 200 
composite gudgeon prcioiypc samples wzro 
insert molded bv Pixlev Richards and supplied 
to Kodak for life testing in machines, with one 
lifetime equivalent to approximately 1 million 
copies. A numoer or manufacturing issues 
were acuiess^a oy f-ixiey rucnards. rrmiaiv 
was Ihc development of a capable Interface 
between AURUM th? stsinlsss stee! 
insert. Pressures, temperatures, and filfrate* 
were adjusted to achieve the correct balance 
producing a sciiafy Knir part, whtfe not 
oversiress^g Uic sluLiitSo ste*l ins*,; which 
' crrriS - significant par! cf the cavity. AURUM 
demonstrated an abrtitv to withstand a wide 
vanety of processing conditions. Care was 
needed during these tnats to ensure that the 
ultimate process parameters would also be 
capabie in high- volume production 
manufacturing 

Ian MacLeod, the Vice President cf 
Engineering at Pixley Richards acknowledged 
'There are limits when processing high 
performance materials AURUM seems to 
allow you to stretch those limits better than 
many other performance materials." Once 
positive, field performance results for the first 
200 AURUM/metal composite gudgeon 
samples were confirmed, another 800 
production-quality samples were molded by 
Pixfey Richards for field machine testinq by 
Kodak. 
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injection molded from a high heat resistant 
polyimide - most recently AURUM. In the 
eiectroslatic-type copier, an AURUM gudgeon 
:s attached to each end of a fuser roll core 
made of a thermally conductive material such 
as aluminum. Trie aluminum core is heated 
internally by a quartz lamp, and the actual 
fusing surface of the fuser roll that 
permanently fixes the toner to paper or 
transparencies is typically made of a thermally 
conductive polymer, such as silicone rubber. 
The gudgeon is responsible for Liansferring 
rotational motion and for providing support to 
the frame of the machine. In addition, the 
gudgeon acts as a thermal barrier to protect an 
expensive steel bearing, positioned between 
the gudgeon and frame, from excessive heat 
transfer. The gudgeon also provides a low 
fr;ct;cn, wear resistant surface to extend the 
iife of the bearing. In operation, the gudgeon is 
subject to operating temperatures of 45CTF. 
with spikes as high as 480^, and torque 
levels of 60 ft !bs. 



AURUM 
Thermo- 

was chosen j 
by Eastm-an j 

rf> p. in',' 

as the plastic component of i.meW/pUsticI 

CO ?V»f fg>*f f'v.l lii-ifiinv «f,J CLp ; n ! 

coc*f»rand Inna^eSrrurc* 92 Printer * * | 

(pictured atov*). AURUM© selected j 

tor its ^oiiity to wicr.stand operating . j 

^^^.-r-it.-! -:-: :f :<Z^F ^Aih — v>."' " ! 




According to Allen Kass Product Engineer for 
Roller Development & Manufacturing at 
Kodak. AURUM was selected over an 
extensive list of other engineering plastics, 
including PPA and PPS, for the all-plastic and 
subsequently metal /plastic composite 
gudgeons, "because of the good stability of 
AURUM when exposed to operating 
temperatures up to 480°F. An additional 
property of AURUM was its high tensile 
strength at room temperature and at 400/F." 

Kodak's dimensional requirements for the 
metal insert specified a close tolerance flange 
thickness and a groove perpendicular to the 
direction of pressing on the body of the insert. 
Both of these features required machining 
after sintering which Alpha Sintered Metals 
performs in-house. Alpha selected a 400 ton 
multi-action press : a pure dry hydrogen 
atmosphere was selected for sintering so finish 
machine operations could be accomplished 
economically. 



The original all-AURUM gudgeon, which was a 
direct replacement for a glass - filled thermoset 
pcfyfmSde, was molded by PiXzy Richards on 
3 185 ten m^chipG using AURUM process inn 
conditions of 22 : 000 p?r injection pressure 
barrel temperatures of 73(TF - 770°F, and a 
mold temperature of 4(XTF. 



here or the irnaq* for larqer uarsion, 
(IrnsQe size. 2 2. 2Kb J 



mold temperature i 

mese parts were maae m me original 
ine/fuusei moid iooimy with iiiinoi 

designed for a thermoser part, the pro&.-r*. 
not optimised to utilize the unique ' 
characteristics of AURUM. 



A<? 9. cost-reduction project a h\"h. 
performance metal/clastic composite gudgeon 
was designed in 1995 by Kodak engineers, 
ine patent ioi the AURUM /metal composite 
yuuyecn, tiled in Ceotuibei »£rS5 by Allen 
Ksss and Robeit Lancaster both employees c f 
Kodak was issued July 72 1997 (\JS Paten*" 
No. 5.649891 ) The composite gudgeon 
consists of glass fiber reinforced AURUM 
Thermoplastic Polyimide injection moloed onto 
a powder metal insert made of grade 303 
stainless steel. The reinforced AURUM 
compound is supplied by RTP Company 
(Winona. MN). a compounder of thermoplastic 
materials including the RTP 4200 Series of 
AURUM materials. The composite gudgeon 
also provided a variety of functional 
advantages including low thermal conductivity 
of the metal section and extended component 
life. The strong bond between the AURUM 
and metal insert is derived from a combination 



The AURUM /metal composite gudgeon was 
developed to take aavantage or tnese 
capabilities. Processing requirements were 
dramatically different ±:e to the requirement cf 
the stainless stee! pewderert insert, yp* 
the AURUM was able to achieve the final * 
needs of Kodak. Process pressures needed to 
be much lower (i.e.. 7000 psi) to prevent 
damage or collapse oi ihe stainless steel insest 
and melt temperatures needed to be elevated 
substantially to achieve the lower pressures 
while gaining good knit line strength and 
density. Ian MacLeod noted. "Although the 
process window was substantially narrowed, it 
is still a viable manufacturing process and will 
run in a trouble free manner. Few materials 
tolerate this range well" 

Injection molded AURUM Thermoplastic 
Polyimide components are utilized in a variety 
of other demanding applications such as 
automotive transmission thrust washers, check 
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of mechanical engagement and shrink fit 

The AURUM section, as in the ail-AURUM 
gudgeon design, serves as a thermal barnei lo 
.minimize heat transfer to the bearing, and as a 
low friction and wear resistant surface at 
elevated temperatures. 




(Click to enlarge) 117kb 



balls, and oil seal rings; wear and friction 
components for business machinery, industrial 
compressors, appliances, and power tools; jet 
engine and aircraft components; high- 
performance gears; and high-purity 
components for semiconductor wafer and hard 
disk handling and manufacturing equipment. 
AURUM® is also extruded as a monofilament, 
thin-wall tubing, wire and cable insulation, and 
rod 



(View Dynamic Viscoelastidtv Chart of Aurum) 
48.7kb 
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Webster's 
Third 
New International 
Dictionary 

OF THE ENGLISH LANGUAGE 
UNABRIDGED 

R£G. U S. PAT. OFF. 

Utilizing all the experience and resources of more than 
one hundred years of Merriam-Webster® dictionaries 

EDITOR IN CHIEF 

PHILIP BABCOCK GOVE, Ph.D. 

AND 

THE MERRIAM -WEBSTER 
EDITORIAL STAFF 




MERRIAM-WEBSTER INC., Publish 

SPRINGFIELD, MASSACHUSETTS, U.S.A. 




Preface 

Editorial Staff 

Outside Consultant! . . 
Explanatory Chart 
Explanatory Notes. 

Divisions in Boldface 

Spelling 

Plurals " 

Capitalisation 

ltalicization 



cgs electromagnetic un 
Afro-Asiatic languages 

alphabet 'table 

anthracite coal sizes 

architecture 

common area formula: 
Beaufort scale 

COPYRIGHT © 1981 BY MERRIAM-WEBSTER INC ship's bells 

600* sizes 

Braille alphabet 

constellations 

PHILIPPINES COPYRIGHT 1981 BY MERRIAM-WEBSTER INC. crusades 

principal ocean current 

WEBSTER'S THIRD NEW INTERNATIONAL DICTIONARY executive U.S. aepartm 

PRINCIPAL COPYRIGHT 1961 ^ tables I and II. . 

Easter dates .... 

MiS^? n K,? ,a,0gin8 » Pub,katioa Data chemical Wemen*".'.' 

Wear's third new international dictionary of 5 >' ,lo * istic ^~- 
thc English language unabridged. principal railroad gage: 

Include* index. common shotgun gaug. 

*• E»*M*n language— Dictionaries, t Cove, zeofopic It™- and fi,™ 
PFtefSS^ J ?2?7 1972 - IL °- * C McrTi ^ Comply. 

En^mM™. 1 ?!*. t 23 . 8116878 gestation periods 

liBN 0-87; 79-20 1 -I (blue Sturdice) ... 

ISBN 0-87779-206-2 (imperial buckram ) AACR2 f**"* c P<*hs 

incubation periods. . . . 

Al l^ hl lH eMfVed - ¥° po " o/ w,ar * cov "^ *>y copyrights hereon ma? be Indo-European languag. 

reduced or copied in any form or by any means— graphic, electronic, or mechen- meaner *™4 t^i n U^ 

teat, tnciudmg photocopying, recording, taping, or information borage W rS&al measures and weights. 
systems— without written permission of the publisher. 



MADE IN THE UNITED STATES OF AMERICA 

363738kp«S4S3 Color: 

Two plates in color 
Constellations and Star 
Constellations and Star 



«6» : WJNdman - a .Household — more ac bower] 

with all niann^ ^ cIaK 

,ment binding- one QrhStidYa H&Sif ? ? an asrcc * 

principles of fricndsW and^.hi£ ^ £Nan t. J charter <the 
felM^^ in the >J of 

cord u«d »A k«w -^_h?P^'y / 3 a : a hoop, band, or 




adjacent "fcr ancl^^^ l,u 'tf two or ™re 

DOUBLE BOND, WCTR^mn 'i^«f „^5° VALEMr BONO, 
HYDROGEN 7ou^^^ B ^> T ^*°^*n BOND 

I f BO adhefiveThat b/nS^'iff.^. J* 1 * 1 ?, »°NP. valence 
«> ::B.e^^^S^^«»«!^ together: as 
fas .ta grinding wMbrS ^Vwrfrf/.S^""? 5 ^ a,IU «°6«J>er 

brick (3) • a tWhiv J? J ? : the. lime: in siJica 

^^^il^u! 0 s<,ppinr f " hr, ^ n 



d wo men 

BONO, ENGLISH BOND, ENGLISH CROSS BOND. FLEMISH BOND 
FLYINO BOND. MBRRINOBONt 1<>ND, IN-AND-OUT BOND. PLUMB 
BOND, RANCINO BOND, RUNNING BOND, SPLIT BOND 7 2 the 

state of goods being manufactured, stored, or transported 
under the care of bonded .agencies until the cWica or ttxes on 
*s^SI C J 5 ?Jl :<y S? T y l ^ ' * ' :t ?bacco in ~ with customs 
—Richard Joseph) Bz a iQO-proof straight whiskey (hat has 
been aged at .least four years under government supervision 
be/ore oang bpttied ^ ^Vfcil uhp b^rf whiskey £ - bond 

♦bond \ m \ vb -ed/-ino/* u 1 : to bind or tic (a wall, abuild- 
Ln«.? r Va S Q ? 5 B ma40nry ""j*) by lapping one unit over 
another 2 to place under the conditions of a bond: as 
A Mo secure the payment of.the duties and taxes On (goods or 
merchandise being manufactured, warehoused, or transported) 
by giving a bond b : to mortgage or issue bonds secured by 
mortgage upon (property) ^ : to convert into a debt secured 
'•jL™i t^tye or secure an option upon (as a mine or 
other property) by a bond tying up the property till the option 
has eapired a ; to provide, a bond (sense 5c) for or calSe to 
p i? v K C v *l ch a a* 00 * <~ * trustee) <~ an employee) an 
official) 3 : to bmdjtogeiher or connect by SuffSy &rJ£ 
yv a ; to cause to adhere lirmly fas metal to glass or plastic) 
b : to make secure and adequate electrical c onnection rJetwcoL 
, (iwo or more conductors eiLher to ens ure Irce passag rgn 
5 r ? lb j oad tradcVw lh ^ed joints V Qr j£ matntau T 

or toe sheaths oi eJectrJc cables) — compare Jbond 3d c 2 to 
embed in a matru <abrasiye. material <±td in a resinous binder 
? grading wheel) — compare 'bond 3f : d : to hold 
together in a molecule Or crystal by means of chemical bonds 
£ W : to hold together or solidify by or as if by inTanTof a 

* bl ? de ^ , <a 'f^-l 1 fa ^« to mak * materials ~); 
spec// : to cohere (as the fibers in paper, the coating of the 
surface of paper, the elements in laminated board) (^coS 
^bondS ^apHic Arts i/onM/y) 

bOOdjage Vbandij, -dej\ n >g [ME. fr. ML bondagttun, fr. ME 

t£L I ? V,U ??' S€r ^ 9^ slave » cA/e//y ^co^ services due 
from a tenant farmer to his proprietor or from a cottager to 
the /armer 2 : the quality or state of being bound- a : re- 
straint of pcrsonaljibcrty by compulsion : serfdom, CAPnvrry 
(the - of the Hebrews in Egypt) b : voluntary subjugation 
(as to some service or duty) <she had ? one into ~ amoSg thS 
SK^ ? y a ; a « ov « ne » —Virginia Woolf) c : servitude or 
subjugation (as to someone superior or dominating or to some 
power, motive, or appetite) <wiUi the House of Representatives 
ShTlS ^ kade !? -K n ^ ay R ,°«^> <«ac - of specialization) 

.<the obvious and painful ^ of shyness Helen Howe) d /iV 

julsctcs : the state of being a bound form 

tond : ag.«r Vja(r)\. n -S 1 ; one that performs bondage 



7- often used mW 2lui ( m ° ncy u «> suarahteed 

before J^id^S^^^J^J^^ appearance 
acts as bail p r surety to*: an fnte«^K«W^ (2) : 0nc who j 
evidence of a lona t«^T "."d? • r ^ t " beann « document: giving 

«.^e£££^ 

BOND, UV |N<» roN&^AT BON^S S ^J OND ' "^BTSBaD 
or by some tmSnt^JSAA^Si, °' ••' ^ 




other ride, -"mJA fe-lif- 2i ,rom ,ha, °» «2 

BUND BOND, BL^-IN-WU^ S^^T, 

HNOU» BOND, CBO* BOND, ^So^C^^^, 



tenia* on a lirm; specif woman engaged 'by"a te'iiam 

-vwwS^a^ss " green,em with ^ » 

Don.dar Vban^ar\ n -s tprob. fr. Bengali or Hindi bOda 

bond Clay n £»Ao«rf] : a plastic ceramic day that gives strength 
to dry but unfiled ware • 

b adl5e5on l " i3bond * : 1 CQat (m of P laatM oV paint) to ensure 

SSSS^S? 11 ??? r rt I*w*<omJ J a course of masonry Ixmdstones 
fld i Ifr * P^P^ o' : in, operating under, or 

placed under a bond <a — carrier) <— goods) 
bondBd debt « : that part or the indebtedness of a government 
h^SSPSISSf " «g««n^ by bonds — called stX&olumUd d*bl 
bonded store «, «9rir : bonded warehouse 
bonded warehouse n \ : a warehouse under bond to the gov- 
ernment ior payment of customs duties and taxes oa goods 
stored or processed there % z a warehouse insured against 
loss or damage to goods stored therein 
. bonded vhisfcey it : >bond 8 

? ?? n ^ e J \' band!> ( r )\ « i C«W + -er] I : one that bonds: 
as a : an assembler of electromagnet laminations b • a 
WC , ,d3 co P^ bond* between the joints of rails 

JL m BOND5TONE i 

^ESS 1 "^^^ l s i m B° dif - of Norw *o«*ahd Iccl oo/iJ/ house- 
holder., fr. ON bSndl— more at bondJ : a Norwegian or Ice- 
landic farmer or peasant landowner 

bond.er r ite X'banda^IxX vr -EoAmqAs [back-formation fr. 
Bandcmed. a trademark] : to coat (steel) with a patented 
phosphate solution for protection agaiosi corrosion 

bondholder \ V\ n Vbpnd + holder Yz a person woo holds 
a bond (as of .a government or corporation) 

bon.dieu-se.l1e \bCn ( dyUi3'reA it -s CF, fr. ban Dleu dear 
Lord (fr. bon good + <jWgod, fr. L d*us) + connective -s- 
+ -*r it -cry — more at bonny, DEmr] : banal and often shoddy 
picuire) 1 ! * P1CpC °' bondicuSerie (as a statue or 

bonding n -9 [fr. gerund of *bond\z electrical interconnection 
between parts (as pi an airplane) to minimize differences of 
voltage % 

bpniUn^^ company n [fr. prcsa part, of * bond} : a company 
issuing fidelity and surety bonds 2 surbtv company 

bonding course n : bond coukse 
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REPLY BRIEF IN SUPPORT OF 
APPLICATION FOR TEMPORARY 
RESTRAINING ORDER TO ENJOIN 
XYCARB CERAMICS, INC. FROM 
INFRINGING PATENT '456 
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Place: Courtroom 8, 19th Floor 
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LAM RESEARCH CORPORATION, 
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Defendants. 



REPLY IN SUPPORT OF APPLICATION FOR A TRO 
CASE .NO. C 0341335 CRB 



SW4840.2 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 

21 

22 

23 

24 

25 

26 

27 

28 



3. The Use of Shrink Fit Bonding in the Xycarb Electrode Infringes the M56 Patent 
Relying on so-called experts with only chemistry backgrounds, Xycarb concludes that 
"bonding requires an adhesive" and that a "shrink-fif is "not a bond of any type". [Epstein Decl. 
ft 1 1-12] Neither of these "experts" are skilled in the art of the 6 456 Patent and their conclusions are 
entirely unqualified 4 and wrong. As explained in the Declarations of Mr. Hashemi ffl4-7) and Mr. 
Lenz (^7), a mechanical engineer (which is the type of engineer skilled in the art of the '456 Patent) 
would not limit the term "bonding" to the attachment of two materials by an adhesive. In mechanical 
engineering design, bonding can be accomplished in a variety of ways and one common method is a 
"shrink fit" (a.k.a. "press fit" or "interference fit") as is used in the assembly of the Xycarb Electrode. 

That a "shrink fit" is a method of bonding is further evidenced by various publications, which 
specifically refer to a "shrink fit" as a bonding method. Some examples (attached to the Supp. 
Michael DecL, Exs. 1-4) follow: (1) "bonding means can take the form of a shrink fif [U.S. Patent 
No. 4,385,979 at 13:68 - 14:8]; (2) piston comprised by "shrink fit bonding" [U.S. Patent No. 
5,014,604 at 2:43-45 and 3:26-28]; (3) "second preferred method of bonding . . . comprises a shrink 
fit bonding method." [U.S. Patent No. 6,419,806 at 6: 14-16], and (4) "[a] press fit joint represents a 
bond between two parts." [Investigation of The Press Fit Joints By the Tribology Aspect, at p. I]. 5 
Further, Xycarb inaccurately states that the '456 Patent does not disclose a "shrink fit" as a 
method of creating the bond between the electrode plate and support ring. Again, such a specific 
disclosure is not necessary, but the reality is that dependent Claim 32 expressly discloses what any 
mechanical engineer would understand to be a "shrink fit": 

An electrode assembly as in claim 1 8, wherein the support ring is pre-stressed to 
impart a radially inward compression on the electrode disk. 

[Supp. Lenz Decl., J8; Hashemi DecL, Ifl 1] Xycarb admits that bond between the electrode plate and 



4 • 

The incredibility of Mr. Epstein's testimony is further evidenced by his own resume, which consistently refers to 
"adhesive bonding", including a publication titled "Adhesive Bonding of Metals". If "bonding requires the use of an 
adhesive material " as Mr. Epstein declares, one must ask why Mr. Epstein modifies the term "bonding" whh "adhesive" 
in his resume and the title of his publications. 

5 Even the definition of "bond" in a basic reference, such as Webster's, is not limited to an "adhesive." Definitions 
include: (a) "resistance to slipping (as between the major components of a structure) provided by adhesion or friction"; 
(b) "to make secure and adequate electrical connection between two or more either to ensure free passage of current [ ] or 
to maintain the uniformity of electric potential." [Michael Decl., Exh. 5] 
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support ring are created by the "shrink-fit alone". If true, and even in the absence of a bonding agent, 
Xycarb's use of a "shrink-fit" as a method for creating a bond between the electrode plate and 
support ring literally infringes the '456 Patent 

C. Xycarb's Red Herrings 

Xycarb makes a number of irrelevant arguments that are briefly addressed here: 

1 . Xycarb's claims regarding infringement discussions in 2002 and all discussions 
regarding Lam's '577 Patent are irrelevant. Those infringement discussions, and Lam's infringement 
analysis, were based on Xycarb's international sales and Lam's international patent protection, 
primarily under Lam's '577 patent. [Supp. Brandt Decl., ffll-3] Lam was not aware in 2002 that 
Xycarb had penetrated the U.S. market where Xycarb would be subject to infringement of the '456 
Patent. [Supp. Brandt Deck, flt] 

2. Xycarb's international PCT application is entirely irrelevant. One of the most 
important principles of international patent law is the "independence of patents", which provides 

[p]atents applied for in the various countries... shall be independent of patents obtained for the same 

1 5 II invention in other countries...." [Paris Convention for the Protection of Industrial Property Article 

16 I 4bis(l)J This standard is based on the recognition that the laws, administrative practice and 
jurisprudence governing patents differ from country to country. Inventions that qualify for a patent 
according to Dutch law may be different from that those that qualify for patenting according to 
British, German or United States law. Accordingly, findings in one country (whether by the court or 
patent examiner) have no influence or precedential value in another country. See Heidelberger 
Druckmaschinen v. Hatscho Commercial Products, Inc., 21 F.3d 1068, 1072 n. 2 (Fed. Cir. 1994), 
("international uniformity in theory and practice has not been achieved."); Timely Products Corp. v. 
Arron, 523 F.2d 288, 295 (2d Cir. 1975) (rejecting patentee's attempt to introduce foreign patents as 
evidence that the patentee's invention was not obvious). 

3. Xycarb constantly refers to comparisons between the Xycarb Electrode and the Lam 
Electrode. The design of the Lam Electrode is wholly irrelevant to the question of whether Xcyarb is 
infringing the '456 Patent The only relevant question is whether the Xycarb Electrode includes the 
elements of Claim 18 of the '456 Patent. 
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Xycarb also admits other facts establishing that the irreparable harm to Lam is even greater 
than Lam initially believed. First, Lara estimated that its annua] revenues from sales of the Lam 
Electrode to IBM account for $1.2 - $1.4 million. [Maddock Decl. «J7]. Xycarb, however, places its 
'loss of direct business for LAM replacement parts [at] as much as US $7 million on a yearly basis." 
[Paulus Decl. 1(1 1]. Since IBM alone cannot account for $7 million alone, Xycarb must be preparing 
to sell the infringing Xycarb Electrode to Lam customers other than IBM. Second, Xycarb performed 
the PL testing on both an 8" model and a 6" model [Michorius Decl Exh. F at p. 2], apparently of 
identical configuration. It appears that Xycarb is attempting, and poised, to take over a substantial 
share of Lam U.S. customer base and market share as to both 8" and 6" electrodes. This threat is the 
exact reason why Lam enforces its statutory right to exclude and has not, and does not, license the 
c 456 Patent. The threatened harm here is textbook irreparable harm and that harm is imminent. 

Xycarb also attempts to establish that a TRO will harm Xycarb. However, yet again, Xycarb's 
own evidence defeats the finding of any such harm and confirms that a TRO will simply maintain the 
status quo. Xycarb states that it is "in competition for that contract" with IBM. [Smith Decl. at \ 6]. 
Xycarb also states thai it is "now preparing to start regular supplies" of the Xycarb Electrode. [Van 
Den Cruijsem Decl., f29] Thus, Xycarb has not yet sold or supplied the Xycarb Electrode. As a 
result, issuing a TRO will preserve the status quo. Equally important, it will avoid the undeniable 
irreparable harm to Lam and the unavoidable business interruptions that will result if Xycarb is 
permitted to "start regular supplies 75 and customers begin integrating the infringing Xycarb Electrode 
into their multi-million dollar wafer fabrication systems. 

IV. CONCLUSION 

For the above reasons, Lam respectfully requests that this Court enter an order restraining 

Xycarb from making, using, selling or offering to sell any products that infringe the 4 456 Patent, 
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MEMORANDUM OF POINTS AND AUTHORITIES 
I. INTRODUCTION AND SUMMARY OF ARGUMENT 

Lam, a designer and manufacturer of semiconductor processing equipment, seeks this 
temporary restraining order and order to show cause re preliminary injunction to prevent Xycarb 
from making, using, offering to sell or selling an electrode assembly (the "Xycarb Electrode") that 
infringes Lara's intellectual property rights embodied in Lam's U.S. Patent No. 5,074,456 (the '456 
Patent). [Lenz Decl., Exh. A] 

On Tuesday, June 17, 2003, International Business Machines Corporation ("IBM"), one of 
Lam's major customers, told Lam that it intends to stop ordering the Lam supplied electrode 
assembly embodied in the '456 Patent (the "Lam Electrode") and replace the Lam Electrode with the 
Xycarb Electrode. [Maddock Deck, ffl 3-6] To Lam's knowledge, IBM is the first Lam customer in 
the U.S. to switch from the Lam Electrode in favor of the infringing Xycarb Electrode [Goodrich 
Decl., 1(4] - but it will not be the last if Xycarb's infringing activities are permitted to continue. 

• As demonstrated more fully below, Lam will succeed on the merits of its infringement claim. 
(See Section II1.B.1 below, and Lenz Decl. at 1 3-22] In prior communications, Xycarb has 
implicitly acknowledged that the Xycarb Electrode is comprised, as specifically described in Claim 
1 8 of the '456 Patent, of two-pieces: (1) an electrode plate composed of substantially pure material 
(in the Xycarb Electrode, silicon) and (2) a support ring composed of electrically and thermally 
conductive material (in the Xycarb Electrode, graphite). The sole defense Xycarb has asserted is that 
these two-pieces are not bonded as claimed by the '456 Patent because the Xycarb Electrode does 
"not include any indium or other bonding agent." Xycarb's assertion is both false and misguided. 

With respect to Xycarb's assertion that its electrode includes no bonding agent, an 
independent lab report confirms the presence of a bonding agent between the electrode plate and 
support ring of the Xycarb Electrode - an "epoxy acrylate material. " [Kendall Deck, ^5, Ex. A] 
Further, the specification of the '456 Patent discloses that the "support ring may be bonded to the 
electrode plate by any suitable process". ['456 Patent at 3:64-67] This includes a chemical bond 
(such as an epoxy) as well as a mechanical bond (such as an interference fit), which Xycarb contends 
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is present in the Xycarb Electrode. Xycarb cannot escape the fact that the Xycarb Electrode satisfies 
every element of Claim 18 of the '456 Patent. 
II. FACTUAL BACKGROUND 

A. The '456 Patent 

The '456 Patent, which was issued on December 24, 1991, claims a two-piece electrode 
assembly utilized in parallel plasma etch' systems comprised of: 

(1 ) an electrode plate composed of substantially pure material (such as silicon), usually in 
the shape of a disk, with a substantially uniform thickness throughout, and r 

(2) a support ring composed of an electrically and thermally conductive material (such as 
graphite), to which one face of the plate is bonded leaving the other side of the plate 
flat and free from protuberances. 

[Claim 1 8 of '456 Patent] "The support ring may be bonded to the electrode plate by any suitable 
process which provides the necessary bonding strength as well as thermal and electrical 
characteristics.' 1 ['456 Patent, 5:64-67] 

B. The Infringing Xycarb Electrode 

Although Lam enforces its statutory right to exclude others from the practice of the invention, 
and does not license the technology) of the '456 Patent [Brandt Decl., ft], this has not stopped 
Xycarb from attempting to make inroads into Lam's customer base. Xycarb offers various 
replacement parts for the components and sub-assemblies of Lam's wafer fabrication systems, 
including the Xycarb Electrode which infringes the '456 Patent. To date, Xycarb has asserted non- 
infringement based on the sole ground that "the Xycarb electrodes do not include any indium or other 
bonding agent as claimed in the '456 patent." [Brandt Decl., Ex. A] Xycarb's claimed lack of a 
"bonding agent" in the Xycarb Electrode has proven false. 

In February, 2003, Lam first obtained an infringing Xycarb Electrode. Based on a visual 
inspection only, Eric Lenz, a Lam employee and co-inventor of the '456 Patent, determined that the 



"Etch" generally refers to the process of selectively removing, by plasma or liquid chemicals, unneeded material from 
the wafer surface. 
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Sun Microsystems, he. v. Microsoft Corp., 188 F.3d 1 1 15, 1999 (9thCir. 1999) Regardless of the 
formulation, each of the four factors weighs in favor of granting a temporary restraining order. 
B. Lam is Likely to Succeed On the Merits 

L Literal Infringement of Claim 18 the '456 Patent 
The grant of a restraining order or preliminary injunction does not require that infringement 
"be proved beyond all question, or that there be no evidence supporting the viewpoint of the accused 
infringer." H.H. Robertson Co. v. United Steel Deck, 820 F.2d 384, 390 (Fed. Cir. 1987). Rather, 
Lam need only demonstrate a reasonable likelihood of success on the infringement of one patent 
claim. Hybritech Inc. v. Abbott Laboratories, 849F.2d 1446, 1453-1454 (Fed. Cir. 1988). An 
element-by-element infringement analysis of Claim 18 of the '456 Patent clearly demonstrates 
Xycarb's infringement here. [Len2 Decl. 13-23] 

Preamble: An electrode assembly comprising: 
The Preamble of Claim 1 8 is obviously present in the Xycarb Electrode as it is an electrode 
assembly. [Lenz Decl. ]\ 16] 

Element 1: an electrode composed of a substantially pure material and 
having a substantially uniform thickness; and 

The first element of Claim 1 8 is also present in the Xycarb Electrode. The Xycarb Electrode 

has an electrode plate, with thickness that is substantially uniform across its surface. The ERI Report 

confirms that the electrode plate is composed of silicon which is substantially pure. [Lenz Decl., f 

17(b), 18(a)-(b)and Exh. C]. 

Element 2: a support ring bonded about the periphery of one face of the 
disk, leaving the other face substantially flat and free from 
protuberances, wherein the support ring is composed of an electrically 
and thermally conductive material. 

The second element of Claim 18 is present in the Xycarb Electrode. The Xycarb Electrode 

includes a ring-shaped support component for supporting the electrode plate and the electrode plate is 

in the form of a disk. [Len2 Decl. 1 20(a)] The ring-shaped support in the Xycarb Electrode is 

bonded to one face of die electrode disk about a peripheral portion of the face and the Evans' 2/14/03 

Report confirms a chemical bond by an "epoxy acrylaie material". [Lenz Decl. ] 20(a), Exh. B] 

Additionally, the face of the electrode disk, opposite the face to which the ring-shaped support is 
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bonded, is substantially flat and includes no protuberances. [Lenz Decl. f 20(b)] The Evans' 6/9/03 
Report confirms that the ring-shaped support is composed of graphite, which is electrically and 
thermally conductive. [Lenz Decl. \ 20(c), Exh. D] 

Even assuming, as Xycarb claims, that the Xycarb Electrode does not include "indium or 
other bonding agent", the Xycarb Electrode still literally infringes Claim 18 of the '456 Patent. A 
claim must be construed in light of the specifications of the patent. United Slates v. Adams, 383 U.S. 
39, 49 (1966). The specification of the '456 Patent reads: 

"The support ring may be bonded to the electrode plate by any suitable process 
which provides the necessary bonding strength as well as thermal and electrical 
characteristics. Typically, bonding will be performed by either brazing 
soldering or use of adhesi ves to form' a ductile bonding layer." 
['456 Patent, 5:64-6:1] (emphasis added) 

This language from the specification makes clear that the term "bonded" is entitled to a broad 

interpretation that includes, but is not limited to, a bonding agent. While a "typical" bonding process 

will include brazing, soldering or use or adhesives to form a ductile bonding layer, such a process is 

not required. Rather, the specification expressly recognizes that the ring may be bonded to the plarc 

"by any suitable process". 3 Such a suitable process may include a chemical bond (i.e. such as the use 

of an epoxy adhesive), or a mechanical bond (such as an interference fit), or a combination of both, as 

long as the bond provides the "necessary bonding strength as well as thermal and electrical 

characteristics." [Lenz Decl., |21] In asserting that electrode plate and support ring of the Xycarb 

Electrode are bonded by an interference fit, Xycarb merely asserts (indeed, admits) the existence of a 

"suitable process" for bonding as claimed by the '456 Patent. [Lenz Decl., |2-1 (b)-(c)] Thus, 

regardless of how Xycarb attempts to characterize its "bonding" technique, the Xycarb Electrode is 

precisely the invention embodied by Claim 1 8 of the '456 Patent. 

3 This is further supported under ihe doctrine of claim differentiation. "Where some claims are broad and others narrow, 
the narrow claim limitations cannot be read into the broad whether to avoid invalidity or to escape infringement " Kalmcm 
v. Kimberly-Clark Corp., 713 FJd 760, 770 (Fed. Cir. 1983) (citations omitted). Here, Claim 24 limits the process of 
bonding the disk to the ring "by means of a bonding layer"; Claim 25 further limits the "bonding layer" to one "composed 
of a ductile metal or alloy or a metal-filled epoxy"; Claim 26 further limits the '"ductile metal or alloy" to "indium, silver 
and metal-filled epoxies", and, finally; Claim 27 limits the "bonding layer" to one "formed by brazing, soldering, or 
adhesion." Xycarb's asserted defense of no indium or bonding agent seems more properly directed to these narrower, 
dependent claims. However, the limitations of those claims cannot be read into the broad use of the term "bonded" in 
Claim 18 as a basis for Xycarb to escape infringement. 
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interest cannot justify the denial of an injunction in a patent infringement lawsuit. Indeed, were 
lower prices "to be a justification for patent infringement, most injunctions would be denied because 
copiers [like Xycarb] universally price their products lower than innovators [like Lam]." Payless 
Shoesowce Inc. v. Reebok lnt 7 Ltd., 998 R2d 985, 991 (Fed. Cir. 1993). The public interest is best 
served here by granting an injunction, as it will encourage innovation and protect the enforcement of 
patent rights. 

IV. CONCLUSION 

For the above reasons, Lam respectfully requests that this Court enter an order restraining 
Xycarb from making, using, selling or offering to sell any products that infringe the «456 Patent. 



DATED: June >1, 2003 
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strain gage. 



BONELLIDAE 




Bonellia species, half size, 
showing the long and cleft 
(at the top) prostomium 
characteristic of the 
Bonellidae. 



bomb rack (ord] A mechanical device, fitted to an airplane 
in the bomb bay or suspended underneath the plane, that re- 
leases and arms bombs at the bombardier's or pilot's command. 

bomb reconnaissance [ord] Reconnoitering to determine 
the presence of an unexploded missile, ascertaining its nature, 
applying all practicable protective measures for the protection of 
personnel, installations, and equipment, and finally reporting 
essential information to the authority directing explosive ord- 
nance disposal operations. 

bomb-release line [ord] An imaginary line around a target 
area at which a bomber, traveling toward it at a constant speed 
and altitude, releases its first bomb so that it and others will 
strike the target area. 

bomb-release point [ord] The point in flight on a bomb 
run at which a bombing airplace releases its bomb load. 

bomb run [ord] The flight course of a bombing airplane just 
before the release of bombs. 

bomb sag [geol] Depressed and deranged laminae mainly 
found in beds of fine-grained ash or tuff around an included 
volcanic bomb or block which fell on and became buried in the 
deposit. 

bomb shelter [civ eng] A bomb-proof structure for protec- 
tion of people. 

bombsight [ord] A device which determines, or enables a 
bombardier to determine, the point in space at which a bomb 
must be released from an aircraft in order to hit a target. 

bomb test [eng] A leak-testing technique in which the ves- 
sel to be tested is immersed in a pressurized fluid which will be 
driven through any leaks present. 

Bombycidae [inv zoo] A family of lepidopteran insects of 
the superorder Heteroneura that includes only the silkworms. 
Bombyliidae [inv zoo] The bee flies, a family of dipteran 
insects in the suborder Orthorrhapha. 
Bombyx [inv zoo] The type genus of Bombycidae. 
Bombyx mori [inv zoo] The commercial silkworm, 
bond [chem] The strong attractive force that holds together 
atoms in molecules and crystalline salts. Also known as chemi- 
cal bond. [ELEC] The connection made by bonding elec- 
trically, [eng] 1. A wire rope that fixes loads to a crane 
hook. 2. Adhesion between cement or concrete and masonry or 
reinforcement. [met] 1. Material added to molding sand to 
impart bond strength. 2. Junction of the base metal and filler 
metal, or the base metal beads, in a welded joint. 
Bond and Wang theory [mech eng] A theory of crushing 
and grinding from which the energy, in horsepower-hours, re- 
quired to crush a short ton of material is derived, 
bond angle [phys chem] The angle between bonds sharing 
a common atom. Also known as valence angle, 
bond clay [mater] A type of clay with high plasticity and 
high dry strength used to bond nonplastic materials; may be 
refractory. 

bond distance [phys chem] The distance separating the 
two nuclei of two atoms bonded to each other in a mole- 
cule. Also known as bond length. 

bonded coating [mater] A finishing or protecting layer of 
any compound affixed to a surface. 

bonded NR diode [electr] An n + junction semiconductor 
device in which the negative resistance arises from a combina- 
tion of avalanche breakdown and conductivity modulation 
which is due to the current flow through the junction. 

bonded-phase chromatography [ analy chem] A type of 
high-pressure liquid chromatography which employs a stable, 
chemically bonded stationary phase. 

bonded strain gage [eng] A strain gage in which the resis- 
tance element is a fine wire, usually in zigzag form, embedded 
in an insulating backing material, such as impregnated paper or 
plastic, which is cemented to the pressure-sensing element. 

bonded transducer [eng] A transducer which employs a 
bonded strain gage for sensing pressure. 

bond energy [phys chem] The heat of formation of a mole- 
cule from its constituent atoms. 

bonderlze [met] To coat steel with a solution of phosphates 
for corrosion protection. 

bond hybridization [chem] The linear combination of two 
or more simple atomic orbitals. 

bonding [chem] The joining together of atoms to form mol- 
ecules or crystalline salts. [elec] The use of low-resis- 
tance material to connect electrically a chassis, metal shield . 
cans, cable shielding braid, and other supposedly equipotential 
points to eliminate undesirable electrical interaction resulting 



from high-impedance paths between them. [eng] 1. The 
fastening together of two components of a device by means of 
adhesives, as in anchoring the copper foil of printed wiring to an 
insulating baseboard. 2. See cladding, [text] The joining 
of two fabrics, usually a face fabric and a lining fabric, 
bonding agent [mater] Any substance that fixes one mate- 
rial to another. 

bonding electron [phys chem] An electron whose orbit 
spans the entire molecule and so assists in holding it together. 

bonding orbital [phys chem] A molecular orbital formed 
by a bonding electron whose energy decreases as the nuclei are 
brought closer together, resulting in a net attraction and chemi- 
cal bonding. 

bonding pad [electr] A metallized area on the surface of a 
semiconductor device, to which connections can be made, 
bonding strength [mech] Structural effectiveness of adhe- 
sives, welds, solders, glues, or of the chemical bond formed 
between the metallic and ceramic components of a cermet, 
when subjected to stress loading, for example, shear, tension, or 
compression. 

bonding wire [elec] Wire used to connect metal objects so 
they have the same potential (usually ground potential), 
bond length See bond distance. 

Bond number [fl mech] A dimensionless number used in 
the study of atomization and the study of bubbles and drops, 
equal to (p-p')L 2 g/<r, where p is the density of a bubble or 
drop, p' is the density of the surrounding medium, L is a 
characteristic dimension, g is the acceleration of gravity, and a 
is the surface tension of the bubble or drop. 

bond paper [mater] A paper used for writing paper, busi- 
ness forms, and typewriter paper; the less expensive bond pa- 
pers are made from wood sulfite pulps; rag-content bonds con- 
tain 25, 50, 75, or 100% of pulp made from rags, and offer 
greater permanence and strength. 

Bond's law [mech eng] A statement that relates the work 
required for the crushing of solid materials (for example, rocks 
and ore) to the product size and surface area and the lengths of 
cracks formed. Also known as Bond's third theory. 

Bond's third theory See Bond's law. 

bondstone [build] A stone joining the coping above a ga- 
ble to the wall. [civ eng] A stone that passes through a 
masonry wall in order to hold the wall together. 

bone [anat] One of the parts constituting a vertebrate skel- 
eton, [histol] A hard connective tissue that forms the 
major portion of the vertebrate skeleton. 

Bone Age [archeo] A prehistoric period of human culture 
characterized by the use of implements made of bone and antler. 

bone ash [chem] A white ash consisting primarily of tri- 
basic calcium phosphate obtained by burning bones in air; used 
in cleaning jewelry and in some pottery. 

bone bed [geol] Several thin strata or layers with many 
fragments of fossil bones, scales, teeth, and also organic 
remains. 

bone black [mater] A black substance made by carboniz- 
ing crushed, defatted bones in closed vessels; used as a paint and 
varnish pigment, as a decolorizing absorbent in clarifying shel- 
lac, in cementation, and in gas masks. Also known as animal 
black; bone char, 
bone char See bone black. 

bone chert [petr] A weathered residual chert that appears 
chalky and porous with a white color but may be stained red or 
other colors. 

bone coal [geol] Argillaceous coal or carbonaceous shale 
that is found in coal seams. 

bone conduction [biophys] Transmission of sound vibra- 
tions to the internal ear via the bones of the skull. 

Bonellidae [inv zoo] A family of wormlike animals be- 
longing to the order Echiuroinea. 

bone marrow [histol] A vascular modified connective 
tissue occurring in the long bones and certain flat bones of 
vertebrates. 

bone meal [mater] A substance made by grinding animal 
bones; steamed meal, made from pressure-steamed bones, is 
used as a fertilizer, raw meal is used in animal feed. 

bone oil [mater] Dark brown oil with a disagreeable odor, 
derived by destructive distillation of bones or other animal 
substances; used as an alcohol denaturant, an insecticide, or a 
source of pyrrole and for organic preparations. Also known as 
animal oil; Dippel's oil; hartshorn oil; Jeppel's oil. 

bone seeker [nucleo] A radioisotope that tends to ac- 



epithermal deposit 

posits formed from warm waters at shallow depth, at tempera- 
tures ranging from 50-200°C, and generally at some distance 
from the magnetic source. 

epithermal deposit [ceol] Ore deposit formed in and 
along openings in rocks by deposition at shallow depths from 
ascending hot solutions. 

epithermal neutron (nucleo) A neutron having an energy 

in the range immediately above the thermal range, roughly 

between 0.02 and 100 electron volts, 
epithermal reactor [nucleo] A nuclear reactor in which a 

substantial fraction of fissions is induced by neutrons having 

more than thermal energy. 

epithermal thorium reactor [nucleo] A sodium-cooled 
reactor based on operation with neutrons in the high epithermal 
energy range; a uranium-thorium fuel mixture is used, with 
graphite or beryllium as moderator 

epitoke [inv zoo] The posterior portion of marine poly- 
chaetes; contains the gonads. 

epitope [Immunol] A single determinant of an antigen or 
immunogen which influences its specificity (immunology). 

epftrichium [embryo] The outer layer of the fetal epidermis 
of many mammals. 

epitrochlear [anat] Of or pertaining to a lymph node that 
lies above the trochlea of the elbow joint. 

epitrochoid [math] A curve traced by a point rigidly at- 
tached to a circle at a point other than the center when the circle 
rolls without slipping on the outside of a fixed circle. 

epituberculosis [med] A massive pulmonary shadow seen 
in x-ray films in active juvenile tuberculosis, probably caused by 
bronchial obstruction. 

epitympanum [anat] The attic of the middle ear, or tym- 
panic cavity. 

epi valve [inv 200] 1 . The upper or apical shell of certain 
dinoflagellates. 2. The upper shell of a diatom. 

epixylous [ecol] Growing on wood; used especially of 
fungi. 

epizoic [biol] Living on the body of an animal. 

epizone [geol] 1 . The zone of metamorphism characterized 
by moderate temperature, low hydrostatic pressure, and power- 
ful stress. 2. The outer depth zone of metamorphic rocks. 

epizootic [vet med] 1 . Affecting many animals of one kind 
in one region simultaneously; widely diffuse and rapidly 
spreading. 2. An extensive outbreak of an epizootic disease. 

epizootiology [vet med] The study of epizootics. 

E-plane antenna [electromagJ An antenna which lies in a 
plane parallel to the electric field vector of the radiation that it 
emits. 

E-plane bend See E bend. 

E-plane T junction [electromag] Waveguide T junction 
in which the change in structure occurs in the plane of the 
electric field. Also known as series T junction. 
EP lubricant [mater] A lubricating oil or grease that con- 
tains additives to improve ability to adhere to the surfaces of 
metals under high bearing pressures. Derived from extreme- 
pressure lubricant. 

EPN See 0-ethyl-<9-/?artf-nitrophenyl phenylphosphonothioate. 
epoch [astron] A particular instant for which certain data 
are valid; for example, star positions in an astronomical catalog, 
epoch 1950.0. [geol] A major subdivision of a period of 
geologic time. [phys] See time, 
eponychium [anat] The horny layer of the nail fold at- 
tached to the nail plate at its margin; represents the remnant of 
the embryonic condition. [embryo] A homy condition of 
the epidermis from the second to the eighth month of fetal life, 
indicating the position of the future nail, 
epoophoron [anat] A blind longitudinal duct and 10-15 
transverse ductules in the mesosalpinx near the ovary which 
represent remnants of the reproductive pan of the mesonephros 
m the female; homolog of the head of the epididymis in the 
male. Also known as parovarium; Rosenmueller's organ, 
epoxldatlon [org chem] Reaction yielding an epoxy com- 
pound, such as the conversion of ethylene to ethylene oxide, 
epoxide [org chem] A reactive group in which an oxygen 
atom is joined to each of two carbon atoms which are already 
bonded. 

epoxy- [org chem] A prefix indicating presence of an epox- 
ide group in a molecule. 

epoxy adhesive [mater] An adhesive material made of ep- 
oxy resin. 

1,2-epoxybutane See 1 ,2-butylene oxide. 
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1.2- epoxyethane See ethylene oxide. 

2.3- epoxy-1-propanol See glycidol. 

epoxy resin [org chem] A polyether resin formed orig- 
inally by the polymerization of bisphenol A and epi- 
chlorohydrin, having high strength, and low shrinkage during 
curing; used as a coating, adhesive, casting, or foam. 

Eppley pyrhellometer [eng] A pyrheliometer of the ther- 
moelectric type; radiation is allowed to fall on two concentric 
silver rings, the outer covered with magnesium oxide and the 
inner covered with lampblack; a system of thermocouples (ther- 
mopile) is used to measure the temperature difference between 
the rings; attachments are provided so that measurements of 
direct and diffuse solar radiation may be obtained. 

EPR See electron paramagnetic resonance. 

EPROM See erasable programmable read-only memory. 

epsilcapromin See €-aminocaproic acid. 

epsilon meson [partic phys] Neutral, scalar, meson reso- 
nance having positive charge conjugation parity and G-parity, a 
mass of about 730 MeV, and a width of about 600 MeV; decays 
to two pions. 

epsilon neighborhood [math] The set of all points in a 
metric space whose distance from a given point is less than some 
number; this number is designated e. 

epsilon structure [solid state] The hexagonal close- 
packed structure of the €-phase of an electron compound. 

epsomite [mineral] MgS0 4 -7H 2 0 A mineral that occurs 
in clear, needlelike, orthorhombic crystals; commonly, it is 
massive or fibrous; luster varies from vitreous to milky, hard- 
ness is 2-2.5 on Mohs scale, and specific gravity is 1 .68; it has a 
salty bitter taste and is soluble in water. Also known as epsom 
salt. K 

epsom salt See epsomite. 

Epstein-Barr virus [virol] Herpeslike virus particles first 
identified in cultures of cells from Burkett s malignant lympho- 
ma. 

EPT See ethylene-propylene terpolymer 
epulis [med] A benign tumorlike lesion of the gingiva, 
equal [math] Being the same in some sense determined by 
context. 

equal altitudes [nav] In celestial navigation, two altitudes 
numerically the same; the expression applies particularly to the 
now obsolescent practice of determining the instant of local 
apparent noon by observing the altitude of the sun a short time 
before it reaches the meridian and again at the same altitude 
after transit; the time of local apparent noon is midway between 
the times of the two observations; however the second observa- 
tion must be corrected for the run of the ship which took place 
between the times of the two readings. Also known as double 
altitudes. 

equal-area latitude See authalic latitude, 
equal-area map projection [map] A map projection having 
a constant area scale; it is not conformal and is not used for 
navigation. Also known as authalic map projection; equivalent 
map projection. 

equal-arm balance [mech] A simple balance in which the 

distances from the point of support of the balance-arm beam to 

the two pans at the end of the beam are equal, 
equal-energy source [phys] Electromagnetic or sound 

source of energy which emits the same amount of energy for- 

each frequency of the spectrum. 

equaling file [des eng] A slightly bulging double-cut file 
used in fine toolmaking. 
equality [math] The state of being equal, 
equality gate See equivalence gate. 

equalization [electr] The effect of all frequency-discrimi- 
nating means employed in transmitting, recording, amplifying, 
or other signal-handling systems to obtain a desired overall 
frequency response. Also known as frequency-response equal- 
ization. 

equalizer [electr] A network designed to compensate for 
an undesired amplitude-frequency or phase-frequency response 
of a system or component; usually a combination of coils, 
capacitors, and resistors. Also known as equalizing circuit. 
[mech eng] 1. A bar to which one attaches a vehicle's 
whiffletrees to make the pull of draft animals equal. Also 
known as equalizing bar. 2. A bar which joins a pair of axle 
springs on a railway locomotive or car for equalization of 
weight. Also known as equalizing bar. 3. A device which 
distributes braking force among independent brakes of an auto- 
motive vehicle. Also known as equalizer brake. 4. A machine 
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Circuit diagram and frequency 
response characteristics of a type 
of equalizer that employs a 
combination of resistance and 
capacitance; e' - output voltage, 
e - input voltage. 
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pressure vessel [eng] A meial container generally cylin- 
drical or spheroid, capable of withstanding bursting pressures, 
pressure viscosity [fl mech] Property of petroleum lubri- 
cating oils to increase in viscosity when subjected to pressure, 
pressure wave [meteorolJ A wave or periodicity which 
v exists in the variation of atmospheric pressure on any time 
scale, usually excluding normal diurnal or seasonal trends. 
1 [physJ See congressional wave. 

" pressure welding [met] Welding of metal surfaces by the 
application of pressure; examples are percussion welding, resis- 
tance welding, seam welding, and spot welding. 

' pressurization [eng] 1. Use of an inert gas or dry air, at 
: several pounds above atmospheric pressure, inside the compo- 
nents of a radar system or in a sealed coaxial line, to prevent 
corrosion by keeping out moisture, and to minimize high- 
, voltage breakdown at high altitudes. 2. The act of maintaining 
normal atmospheric pressure in a chamber subjected to high or 
low external pressure. 

pressurize [eng] To maintain normal atmospheric pressure 
in a chamber subjected to high or low external pressures. 

pressurized blast furnace [eng] A blast furnace operated 
under pressure above the ambient; pressure is obtained by 
throttling the off-gas line, which permits a greater volume of air 
to be- passed through the furnace at a lower velocity, and results 
in increase in smelting rate. 

pressurized stoppings [min eng] Stoppings which are 
erected in the intake and return roadways of a district to isolate 
an open fire or spontaneous heating and in which the pressures 
on both sides of each stopping are made equal by the use of 
auxiliary fans. 

pressurized water reactor [nucleo] A nuclear reactor in 
which water is circulated under enough pressure to prevent it 
from boiling, while serving as moderator and coolant for the 
uranium fuel; the heated water is then used to produce steam for 
a power plant. Abbreviated PWR. 

presswork [graphics] In printing, the actual operation of 
putting ink on paper; this activity is preceded by composition 
and perhaps platemaking, and is followed by binding. 

prester [meteorol] A whirlwind or waterspout accom- 
panied by lightning in the Mediterranean Sea and Greece. 

prestore [complt sci] To store a quantity in an available 
computer location before it is required in a routine. 

prestress [eng] To apply a force to a structure to condition 
it to withstand its working load more effectively or with less 
deflection. [geol] See preconsolidation pressure. 

prestressed concrete [mater] Concrete compressed with 
heavily loaded wires or bars to reduce or eliminate cracking and 
tensile forces. 

presumptive address See address constant, 
presumptive instruction See basic instruction, 
presuppression [geophys] In seismic prospecting, the 

suppression of the early events on a seismic record for control of 

noise and reflections on that portion of the record, 
pretensioning [eng] Process of precasting concrete beams 

with tensioned wires embedded in them. Also known as Hover 

method of prestressing. 
pretersonics See acoustoelectronics. 
pre-transmit-receive tube See pre-TR tube, 
pretravel [cont syst] The distance or angle through which 

the actuator of a switch moves from the free position to the 

operating position. 

pretrlgger [electr] Trigger used to initiate sweep ahead of 
transmitted pulse. 

pre-TR tube [electr] Gas-filled radio-frequency switching 
tube used in some radar systems to protect the TR tube from 
excessively high power and the receiver from frequencies other 
than the fundamental. Derived from pre-transmit-receive tube. 

prevailing current [oceanogr] The ocean current most 
frequently observed during a given period, such as a month, a 
season, or a year. 

prevailing visibility [meteorol] In United States weather 
observing practice, the greatest horizontal visibility equaled or 
surpassed throughout half of the horizon circle; in the case of 
rapidly varying conditions, it is the average of the prevailing 
visibility while the observation is being taken. 

prevailing westerlies [meteorol] The prevailing westerly 
winds on the poleward sides of the subtropical high-pressure 
belts. 

prevailing wind See prevailing wind direction. 

prevailing wind direction [meteorol] The wind direction 



most frequently observed during a given period; the periods 
most often used are the observational day, month, season, and 
year. Also known as prevailing wind, 
preventive maintenance [eng] A procedure of inspecting, 
testing, and reconditioning a system at regular intervals accord- 
ing to specific instructions, intended to prevent failures in serv- 
ice or to retard deterioration. 

previewing [comput sci] In character recognition, a pro- 
cess of attempting to gain prior information about the characters 
that appear on an incoming source document; this information, 
which may include the range of ink density, relative positions, 
and so forth, is used as an aid in the normalization phase of 
character recognition. 

previous element coding [commun] System of signal 
coding, used for digital television transmission, whereby each 
transmitted picture element is dependent upon the similarity of 
the preceding picture element. 

previtrain [geol] The woody lenses in lignite that are equiv- 
alent to vitrain in coal of higher rank. 

Prevost's theory [thermo] A theory according to which a 
body is constantly exchanging heat with its surroundings, radi- 
ating an amount of energy which is independent of its surround- 
ings, and increasing or decreasing its temperature depending on 
whether it absorbs more radiation than it emits, or vice versa. 

preweld Interval [met] In resistance spot welding, elapsed 
time between the end of squeeze time and the beginning of 
welding current. 

prewhitening filter See whitening filter. 
PRF See pulse repetition rate, 
pri See primary winding. 

Priabonian [geol] A European stage of geologic time in the 
upper Eocene, believed to consist of Auversian and Bartonian. 

priapism [med] Persistent erection of the penis, usually un- 
accompanied by sexual desire, as seen in certain pathologic 
conditions. 

Priapulida [inv zoo] A minor phylum of wormlike marine 
animals; the body is made up of three distinct portions (pro- 
boscis, trunk, and caudal appendage) and is often covered with 
spines And tubercles, and the mouth is surrounded by concentric 
rows of teeth. 

Priapuloidea [inv zoo] An equivalent name for Priapulida. 
priceite [mineral] Ca 4 B l0 O l9 -7H 2 O A snow-white earthy 

mineral composed of hydrous calcium borate, occurring as a 

massive. Also known as pandermite. 

Price meter [eng] The ocean current meter in use in the 
United States: six conical cups, mounted around a vertical axis, 
rotate and cause a signal in a set of headphones with each 
rotation; tail vanes and a heavy weight stabilize the instrument. 

pricker See needle. 

prickly heat See miliaria. 

prick punch [des eng] A tool that has a sharp conical point 
ground to an angle of 30-60°C; used to make a slight indentation 
on a workpiece to locate the intersection of centerlines. 

priest [optics] The Z tristimulus value. 

prill [chem eng] To form pellet-sized crystals or agglome- 
rates of material by the action of upward-blowing air on falling 
hot solution; used in the manufacture of ammonium nitrate and 
urea fertilizers. [mater] Spherical particles about the size 
of buckshot. [min eng] 1. The best ore after cobbing. 2. A 
circular particle about the size of buckshot. 3. Compressed and 
sized explosives such as ammonium nitrate. 

primaquine [pharm] CisH 3 ,N 3 0 An ether-soluble vis- 
cous liquid, used as the diphosphate salt in medicine to cure 
malaria. 

primary [astron] 1. A planet with reference to its satellites, 
or the sun with reference to its planets. 2. The brighter star of a 
double star system. [chem] A term used to distinguish 
basic compounds from similar or isomeric forms; in organic 
compounds, for example, RCH 2 OH is a primary alcohol, 
R,R 2 CHOH is a secondary alcohol, and R,R 2 R 3 COH is a terti- 
ary alcohol; in inorganic compounds, for example, NaH 2 P0 4 is 
primary sodium phosphate, Na : HP0 4 is the secondary form, 
and Na 3 P0 4 is the tertiary form. [elec] 1. See primary 
winding. 2. One of the high-voltage conductors of a power 
distribution system. [geol] 1. A young shoreline whose 
features are produced chiefly by nonmarine agencies. 2. Of 
a mineral deposit, unaffected by supergene enrichment. 
[met] Of a metal, obtained directly from ore. [vert 
zoo] Of or pertaining to quills on the distal joint of a bird 
wing. 
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PRESSURE VESSEL 




thin-walled vessel 
t<d/10 




thick-walled vessel 
t>d/10 

Pressure vessels for moderate 
and for high pressures; f = wall 
thickness; d = vessel diameter; 
p = pressure; d,\ d Q = inside and 
outside diameters. 



PRESSURIZED 
BLAST FURNACE 

, hardsurtaced bleeder valve 
-clean-gas bleeder valve 




Flow diagram of a pressurized 
blast furnace. 



PRIAPULIDA 




Adult form of Priapulus. 



veaplfooved moraine 



shunt repeater 



lot-firing op or a £ ainst the shoulder when firing, as a rifle, <^^Be, or 
' j^zooka launcher. 
j^ved moraine S?* push moraine. 

; the u- &° ve ' ^ DES ENG ^ A **and t0Ql navin £ a flattened scoop at the 
* , 0 d of a long handle for moving soil, aggregate, cement, or 
usual!- simi!ar materia l- [mech eng) A mechanical excava- 

* dei * * j^vel dozer See tractor loader. 

t . hovel loader [mech eng] A loading machine mounted on 
plosiv< whce i Sf with a bucket hinged to the chassis which scoops up 
loose material, elevates it. and discharges it behind the machine. 
Jyabou ^bwatter stability index [meteorol] A measure of the 
lers) loi jjfal static stability of the atmosphere, expressed as a numerical 
rcveitt | 

^oW-card color See poster paint. 
I for aVfiibwer [meteorol] Precipitation from a convective cloud; 

characterized by the suddenness with which it starts and stops, 
in a tfo $ the rapid changes of intensity, and usually by rapid changes 
imber^ in the appearance of the sky. [nuc phys] See cosmic-ray 
hode; j ^ower. 

rivers* phower meteor [astron] a meteor whose direction of ar- 
Schotij is a PP roxim ately parallel to others belonging to the same 
meteor shower. 

y all fl ihower unit [nucleo] The mean path length required to 
ns. A| | reduce the energy of relativistic charged panicles to half value 
as they pass through matter, one shower unit is equal to 0.693 
eel bal ^radiation length. 

ihow-through [graphics] In printing, an undesirable re- 
uch as i suit in which the printing is visible through the sheet under 
is in ( . normal lighting conditions. Also known as strike-through, 
shrapnel [ord] Small lead or steel balls contained in a 
shrapnel case which is fired from an artillery piece; the balls are 
netal projected in a forward direction upon the functioning of the 
rent an fuse- 
shrew 
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[vert zoo] Any of more than 250 species of insec- 
tivorous mammals of the family Soricidae; individuals are small 
with a moderately long tail, minute eyes, a sharp-pointed snout, 
upp^ and small ears. 
;gioni Shrike [ord] An air-to-surface solid-fuel guided missile that 
a stet homes in on enemy radar installations, 
diam shrimp [inv zoo] The common name for a number of crust- 
woo? aceans, principally in the decapod suborder Natantia, charac- 
ddenK Prized by having well-developed pleopods and by having the 
g late abdomen sharply bent in most species, producing a humped 
sgrnd appearance. 

: flank shrinkage [eng] 1. Contraction of a molded material, such 
whej h metal or resin, upon cooling. 2. Contraction of a plastics 
-- casting upon polymerizing, [geol] The decrease in volume 
of soil, sediment, fill, or excavated earth due to the reduction of 
voids by mechanical compaction, superimposed loads, natural 
consolidation, or drying. 

shrinkage cavity [met] A cavity resulting from shrinkage 
during casting. 

elboJ shrinkage crack [geol] A small crack produced in fine- 
nd th grained sediment or rock by the loss of contained water during 
drying or dehydration. [met] An irregular interdendritic 
crack in a casting caused by unequal contraction or inadequate 
feeding. 

shrinkage Index [geol] The numerical difference between 
the plastic limit of a material and its shrikage limit, 
shrinkage limit [geol] That moisture content of a soil be- 
low which a decrease in moisture content will not cause a 
decrease in volume, but above which an increase in moisture 
w til cause an increase in volume, 
id de- ( 'hrlnkage pore [geol] An irregular pore formed in muddy 
indefj se diment by shrinkage. 

AW *hrtnkage ratio [geol] The ratio of a volume change to the 

| moisture-content change above the shrinkage limit, 
istetf, 'hrinkage rule See contraction rule. 

ardU 'linkage stoplng [min eng] A modification of overhead 
J doping, involving the use of a part of the ore for the purpose of 
:aderf support and as a working platform. Also known as back stop- 
:rew| »ng. 

ctiof. 'hrlnk fit [des eng] A tight interference fit between mating 
pare. Pans made by shrinking-on, that is, by heating the outer mem- 
j ber to expand the bore for easy assembly and then cooling so that 
od to the outer member contracts. 

fire/ Shrink forming [des ENG] Forming metal wherein the piece 
j undergoes shrinkage during cooling following the application of 
ace/ hc at. cold upset, or pressure. 
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shrlnk-mlxed concrete [mater] Concrete^fc partially 

mixed before being put in a truck mixer. 
shrink ring [des eng] A heated ring placed on an assembly 

of parts, which on subsequent cooling fixes them in position by 

contraction. 

shrink rule See contraction rule. 

shrink wrapping [eng] A technique of packaging with plas- 
tics in which the strains in plastics film are released by raising 
the temperature of the film, causing it to shrink-fit over the 
object being packaged. 

shroud [eng] A protective covering, usually of metal plate 
or sheet. [horol] The ends of lantern clock pinions that 
hold the pins. [nav arch] A principal member of the 
standing rigging consisting of hemp or wire ropes which extend 
from or near a masthead to a vessel's side or to the rim of the top 
of the mast to afford lateral support for the mast. 

shrouded propeller See ducted fan. 

shrub [bot] A low woody plant with several stems. 

shrub-coppice dune [geol] A small dune formed on the 
leeward side of bush-and-clump vegetation. 

Shubnikov-de Haas effect [solid state] Oscillations of 
the resistance or Hall coefficient of a metal or semiconductor as 
a function of a strong magnetic field, due to the quantization of 
the electron's energy. 

Shubnikov groups [solid state] The point groups and 
space groups of crystals having magnetic moments. Also 
known as black-and-white groups; magnetic groups, 
shuga [oceanogr] A spongy, rather opaque , whitish chunk 
of ice which forms instead of pancake ice if the freezing takes 
place in sea water which is considerably agitated, 
shunglte [geol] A hard, black, amorphous, coallike mate- 
rial composed of more than 98% carbon, 
shunt [elec] 1. A precision low- value resistor placed across 
the terminals of an ammeter to increase its range by allowing a 
known fractiort of the circuit current to go around the 
meter. Also known as electric shunt. 2. To place one part in 
parallel with another. 3. See parallel. [electromagJ A 
piece of iron that provides a parallel path for magnetic flux 
around an air gap in a magnetic circuit. [med] A vascular 
passage by which blood is diverted from its normal circula- 
tory path; frequently it is a surgical passage created between 
two blood vessels, but it may also be an anatomical feature. 
[min eng] To shove or turn off to one side, as a car or train 
from one track to another. 

shunt-excited [electromag] Having field windings con- 
nected across the armature terminals, as in a direct-current 
generator. 

shunt-excited antenna [electromag] A tower antenna, 
not insulated from the ground at the base, whose feeder is 
connected at a point about one-fifth of the way up the antenna 
and usually slopes up to this point from a point some distance 
from the antenna's base. 

shunt-fed vertical antenna [electromag] Vertical anten- 
na connected to the ground at the base and energized at a point 
suitably positioned above the grounding point. 

shunt feed See parallel feed. 

shunt generator [elec] A generator whose field winding 
and armature winding are connected in parallel, and in which 
the armature supplies both the load current and the field current. 

shunting [elec] The act of connecting one device to the 
terminals of another so that the current is divided between the 
two devices in proportion to their respective admittances. 

shunt loading [elec] Loading in which reactances are ap- 
plied in shunt across the conductors. 

shunt motor [elec] A direct-current motor whose field cir- 
cuit and armature circuit are connected in parallel. 

shunt neutralization See inductive neutralization. 

shunt peaking [electr] The use of a peaking coil in a 
parallel circuit branch connecting the output load of one stage to 
the input load of the following stage, to compensate for high- 
frequency loss due to the distributed capacitances of the two 
stages. 

shunt reactor [elec] A reactor that has a relatively high 
inductance and is wound on a magnetic core containing an air 
gap; used to neutralize the charging current of the line to which 
it is connected. 

shunt regulator [elec] A regulator that maintains a con- 
stant output voltage by controlling the current through a drop- 
ping resistance in series with the load. 

shunt repeater [elec] A type of negative impedance tele- 



SHREW 




The Eurasian common shrew 
(Sorex araneus) has the soft, 
velvetlike fur characteristic 
of all shrews. 



SHRIMP 




Common shrimp (Crangon 
vulgaris), with a laterally 
compressed body and curved 
abdomen. 



SHUNT MOTOR 




Circuit diagram showing 
connections of shunt motor. 
V ° total impressed voltage 
from line; I a = total armature 
current; If = field current. 



REISSUE APPLICATION 



CLAIM COMPARISON SHEETS 

Concise Descriptions of Relevance Are Found On 
Each Claim Comparison Sheet 

REFERENCES AND BASES FOR REJECTION 



RECEIVED 
SEP \ 0 20W 
TC 1700 



Claims 1 and 18 

Claims 1 and 18 

Claims 1 and 18 

Claims 1 and 18 

Claims 1 and 18 
Claims 1 and 18 
Claims 1 and 18 

Claims 1 and 18 

Claims 1 and 18 

Claims 1 and 18 



Ref. A Pierce '979 (Figs. 3a, 3b, and 3c) 

35 U.S.C. 102 (b) or 103 (electrode not flat) 

Ref. A Pierce '979 (Figs. 4a, 4b, 5, and 6( plus Ref. B 

McGuire 35 U.S.C. 103 

Ref. A Pierce '979 plus Ref. D Horiuchi '135 (Fig. 1) 

35 U.S.C. 103 

Ref. A Pierce '979 plus Ref. D Horiuchi '135 (Fig. 14) 
35 U.S.C. 103 

Ref. G Steinberg '1 14 35 U.S.C. 102(b) 
Ref. A Pierce '979 plus Ref. H Mundt '162 35 U.S.C. 103 
Ref. A Pierce '979 plus Ref. I Horiuchi 713 (Fig. 1) 
35 U.S.C. 103 or 102 

Ref. A Pierce '979 plus Ref. I Horiuchi 713 (Fig. 6) 
35 U.S.C. 103 

Ref. A Pierce '979 and/or Ref. J Rose '378 (Fig. 1 ) 
35 U.S.C. 103 or 102(b) 

Ref. A Pierce '979 plus Ref. K Hidler '091 (Figs. 1 and 2) 
35 U.S.C. 103 

1 
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11. Claim 2 Ref. D Horiuchi '135 (Figs. 1 and 14) 

35U.S.C. 102(b) or 103 

12. Claim 2 Ref. I Horiuchi 713 (Figs. 1 and 6) 

35 U.S.C. 102(b) or 103 

13. Claim 2 Ref. G Steinberg et al. '1 14 35 U.S.C. 102(b) or 103 

14. Claims 3, 4 and 19 Ref. B McGuire or Ref. D Horiuchi '135 (Fig 1) 

15. Claims 3, 4 and 19 Ref. D Horiuchi '135 (Fig. 14) or Ref. F (Fig. 30c) 

35 U.S.C. 103 

16. Claims 3, 4 and 19 Ref. H Hidler '091 (Figs. 4 and 5) 35 U.S.C. 103 

17. Claims 3, 4 and 19 Ref. I Horiuchi 713 (Figs. 1 and 6) 

18. Claim 5 Ref. A Pierce ; '979 (Figs. 3a, 3b, and 3c) Ref. B ( Fig. 51aiii) 

35 U.S.C. 102(b) or 103 

19. Claim 5 Ref. A Pierce '979 (Figs. 4a, 4b, particularly 5 and 6 ) 

35 U.S.C. 102(b) or 103 
20.. Claim 5 Ref. B McGuire (Figs 3a, 3b and 3c; Fig. 51 aiii) 

35 U.S.C. 103 

21. Claim 5 Ref. C Wickersham (Figs. 1, 2 and 3) 35 U.S.C. 103 

22. Claim 5 Ref. D Horiuchi '135 (Figs. 1 and 14) 35 U.S.C. 102(b) 

23. Claim 5 Ref. F Loewenstein '621 (Fig. 30c) 35 U.S.C. 103 

24. Claim 5 Ref. I Horiuchi 713 (Figs 1 and 6) 

35 U.S.C. 102(b) or 103 

25. Claims 6 and 20 Ref. C Wickersham '435 (Figs. 1 , 2 and 3) 

2 
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26. Claims 7 and 21 Ref. A Pierce '979 (Figs. 3a, 3b, and 3c) 

35U.S.C. 102(b) or 103 

27. Claims 7 and 21 Ref. A Pierce '979 (Figs 4a and 4b) 

35 U.S.C. 102(b) or 103 

28. Claims 7 and 21 Ref. D Horiuchi '135 (Figs. 1 and 14) 

29. Claims 7 and 21 Ref. G Steinberg '1 14 (The figure) 35 U.S.C. 102(b) 

30. Claims 8 and 22 Ref. F Loewenstein '621 or Ref. H Mundt '162 (see chart) 

35 U.S.C. 103 or 112 

31. Claims 8 and 22 Ref. I Horiuchi '713 (see chart) 35 U.S.C. 103 or 112 

32. Claims 8 and 22 Degner "456 admissions, Col. 4, lines 21-251 35 U.S.C. 112 

33. Claims 9 and 23 Degner '456 admissions, Col. 5, lines 18-23 35 U.S.C. 112 

34. Claims 1 0 and 24 Ref. A Pierce '979, Figs. 3a-6, Elements 21 5, 31 5, 41 5, 51 5, 

and 615 ^35 U.S.C. 103 

35. Claims 1 0 and 24 Ref. K Hidler '091 , Figs. 1 and 2 bonding layer 1 6 

35 U.S.C. 102(b) and 103 

36. Claims 1 1 and 29 Ref. A Pierce '979 alone or with Ref. K, Hidler '091 (see 

chart) 35 U.S.C. 102(b) or 103 

37. Claims 12, 25 and 26 Ref. A Pierce '979 (see chart) 

35 U.S.C. 102(a) or 103 

38. Claims 12, 25 and 26 Ref. K Hidler '091 , (Figs 1 and 2) 35 U.S.C. 103 

39. Claims 1 3 and 27 Ref. A Pierce '979 35 U.S.C. 1 02(b) or 1 03 
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40. Claims 13 and 27 Ref. C, D and K (See Chart) 35 U.S.C. 102.(b) or 103 

41 . Claims 1 4 and 28 Ref. K Hidler '091 (Figs. 1 and 2, Col. 2, lines 29-61 ) 

35 U.S.C. 102(b) 

42. Claims 1 5 and 29 Ref. A Pierce '979, (Col. 1 1 , line 44 through 

. Col. 12, line 5) 35 U.S.C. 102(b) or 103 

43. Claims 1 5 and 29 Ref. K Hidler '091 (Figs. 1 and 2 plus Col. 3, 

lines 24-50) 35 U.S.C. 102(b) or 

44. Claims 1 6 and 30 Ref. A Pierce '979 (qol. 2, lines 29-32 and 

Col. 12, Lines 6-14) 35 U.S.C. 112, 102(b) or 103 

'N, 'iv 

45. Claims 1 6 and 30 Ref. D Horiucr) i '135 (see chart) 

35 U.S.C. 112, 102(b) or 103 

46. Claims 16 and 30 Ref. F Loewenstein '621 (Col. 54, lines 33-36) 

35 U.S.C. 112, 102(b) or 103 

47. Claims 16 and 30 Ref. G Steinberg '114 (The Fig. and Col. 2, lines 57-60) 

35 U.S.C. 112, 102(b) or 103 

48. Claims 17 and 31 Ref. A Pierce 979, Ref. C Wickersham "435, Ref. D 
Horiuchi "135 Horiuchi '135 (see Chart ) 35 U.S.C. 102(b) and 112 

49. Claims 17 and 31 Ref. A Pierce '979, Ref. F Loewenstein '621 

or Ref. D Horiuchi '135 (see chart) 35 U.S.C. 102(b) and 

112 

50. Claim 32 Re. A. Pierce '979 (see chart) 35 U.S.C. 102(b) 
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53. Claim 34 



Ref. A Pierce '979 (Col. 13, line 67 through Col. 14, line 14 
.particularly Col. 14, lines 8-14) 35 U.S.C. 102(b) 



54. Claim 35 



55. Claim 35 



56. Claim 35 



57. Claim 35 



58. Claim 36 



59. Claim 36 



Ref. A Pierce '979, Col. 2, lines 29-31, Col. 12, lines 6-14 
35 U.S.C. 102(b) 

Ref. D Horiuchi '135, Col. 12, lines 57-60 
35 U.S.C. 102(b) 

Ref. F Loewenstein '621 Col. 54, lines 33-36 
35 U.S.C. 102(b), 112 

Ref. G Steinberg '114, Col. 3, lines 60-63, 35 U.S.C. 102(b) 
103, or 112" % 

Ref. A, Pierce et al. '979, Col. 13, line 67, Col. 14, line 28, 
and Figs. 3a, 3b, 3c, 4a, 4b, and particularly Figs. 5 and 6 
35 U.S.C. 102(b) 

Ref. C Wickersham '435, Col. 6, lines 6-15, Figs. 2 and 3 
35 U.S.C. 102(b) 
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